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ABSTRACT 


The  earliness  of  maturity  and  growth  habit  of  144  lines  of  six-row  barley 
(Hordeum  vulgare  L. )  was  studied  over  a  period  of  three  years.  In  the  winter  of 
1971/72  the  material  was  raised  in  a  growth  chamber  at  a  constant  temperature  of 
21°C  and  an  18  hour  photoperiod.  In  the  summer  of  1973  each  line  was  planted  by 
hand  30  seeds  per  row  in  1.2  meter  rows,  23  cm  apart,  for  1  to  3  replicates  as 
seed  permitted.  In  the  following  summer,  1974,  the  material  was  planted  in  4-row 
plots,  5  meters  long  and  23  cm  apart,  in  a  randomized  block  design  with  2 
replicates. 

Recordings  were  made  on  time  taken  from  seeding  to  emergence,  inter¬ 
node  elongation,  heading,  and  maturity.  Also  recorded  were  yield,  height  and  head 
length  for  all  three  years.  In  addition,  the  two  field  years  included  1000  kernel 
weight;  test  weight;  number  of  plants,  heads  and  secondary  tillers  per  1.2  m  sample; 
leaf  and  tiller  spread  at  internode  elongation,  and  lodging. 

The  length  of  four  major  growth  periods  (seeding  to  emergence,  emergence 
to  internode  elongation,  internode  elongation  to  heading,  heading  to  ripe)  was  cal¬ 
culated,  along  with  combinations  of  these  periods.  It  was  found  that  the  growth 
period  C  (internode  elongation  to  heading)  contained  the  greatest  variability,  a  high 
heritability,  high  correlations  with  total  time  to  maturity,  high  and  consistent  cor¬ 
relations  between  the  three  environments,  and  fairly  low  correlations  with  yield. 

For  this  reason  it  was  chosen  as  the  most  likely  candidate  for  manipulation  to  produce 
earliness.  Of  the  longer  growth  periods,  period  (B  +  C)  (emergence  to  heading)  was 
selected,  but  it  did  not  show  as  great  a  variability  as  the  single  period  C. 


IV 


,  *  i  1  " 


vsticd  k  .’-J'til  MI  Hob  fii-.ylooi  "k  «bn''--!c» 


',(,  rv«»-#w  #<<4  r.l  ..-.OS\  k  tb'tbq  *  •^bv.Vt^ioyfJ  :bw  i  .J 

}o  retir"t>^  3!  'O  isumoH;?  ba^io'i  srrft  SI^\f^i 


A. 


?oy,  rtj  >:^0i-rf*'^f0i4q  rti>  lv!o 

s_ 

C  o*  J  »c)  v‘\ooo  ms,  ^iwci  t 
w-oT-f^  nl  -r*  ■'»?Q  *.-w  lo^oto'^  ,:»>.T>ri«2  gii'WolHO*  iHl  rI 

f  4*1^5'  ?^v<^c^os?^'->bTtTr>  o  "li  ft>3  C\  b'*f»  ^ 


I 

V 


.  .tfm. 


<L'i 


Tl. 

bnc*  i-^ifr-T  h^»\^  .>;?■  IMS  ,^nibtHi?4  i^hC!^ 


m 


^  OOOi  bfrO*^^5P««  bief  owt  r-ri*'  ;»  .  :  ’  ’  \  Mo  io^  r*.f<Hll 

*n  t  f  m^'fT  bnb ^  nno;^  > 

jijfwbboi  bno  ^io<t'  4s  Sc-s-k^^  i^iih  ^€>»>i 

•  » '  *  •  « 

ibo’nsvq  M’v/p^g  tujcxt  >'c'^  'c  »HT 

-►it5o  i®w  oi  ^4bb  -r4  ^^iffbo^rt  ot  irc. •©(;'“ pi=>  s  ,rip*  l 

.  .  .  '  ‘^■ 

■  ir^Fj.^8  *i^4  tCtfr  bxi  cs>  *;3w  tJ  ksiiSP  '*ip  ?-i.'f»CfnotS  ftflw  gnplb 

I  Tp  .  - 

‘  *'  '■  >  ^  . 
n;jf4  o  t idp t t'5-ito<‘^Pri  fjinl&osrf  04  r»r.*fr^^^'i4a  w 

W  .. .  ^ 

If.-fli'JcftPO  IS&  ili^iu  iirf4  inorTr<1f<s?*  wn/iAb  fc/it-rf  f  .1 

.tt#b(. rbJw  <nc't3‘-;Svio)  vygl  *Sf»b  ^^*f!9m'^cVtvf'r*^  ^ 

,  '  .  V 

Si\v5<e'?5  of  >mVi<4iK|irPiX»  loY  T'lofcibPoo  Vbm  s4t  atiW  tr  <K«vs^ 

O  ,  f 

,^GW8!l4»  04  »3nt?5ti;!i  ■■•1  O  ^‘4i-»Tq.  iUKf  vp;<|  >’*w2»“'Oi  «-4t  ^O  . 't  J‘‘r^V^' 

V  bor^q  &'>%v}i  aril  it  xtl!?ybT  o  loa^  vif^i  tcin  Oib  f» 


Of  the  morphological  characters  studied,  consistent  positive  correlations 
with  yield  were  provided  by  height,  head  length  and  number  of  plants  per  1.2  meter 
sample.  The  regression  equations  showed  that  in  the  growthroom  height  was  the 
most  important  contributor  to  grain  yield,  while  in  1973  it  was  the  number  of  heads 
per  1.2  meter  sample,  followed  by  height  and  head  length. 

Comparison  of  the  three  years'  material  showed  that,  with  the  exception 
of  growth  periods  B  and  C  and  their  combinations,  relations  between  the  field  environ¬ 
ment  and  the  growth  chamber  were  low,  while  associations  between  the  two  field 
years  were  much  higher. 
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INTRODUCTION 

The  growing  season  of  northern  and  central  Alberta  is  frequently  charac¬ 
terized  by  long  cool  springs  and  early  fall  frosts.  Therefore,  if  a  cereal  crop  is  to 
be  cultivated  in  this  environment  it  is  essential  for  it  to  display  a  relatively  short 
growing  season  characterized  by  early  maturity.  One  of  the  most  frequently  grown 
and  successful  cereal  crops  in  northern  and  central  Alberta  is  spring  barley  (Hordeum 
vulgare  L.).  There  are  several  varieties  of  spring  barley  that  are  well  adapted  to 
local  conditions  but,  in  many  cases,  their  characteristic  earliness  has  sacrificed  the 
high  yield  so  desired  by  local  farmers. 

In  studying  the  physiology  of  yield  and  maturity  in  cereal  crops,  researchers 
have  been  successful  in  dividing  the  lifespan  into  morphological  stages.  Various 
scales  have  been  developed  in  order  to  measure  a  crop's  growth  and  development. 

These  have  enabled  the  researcher  to  isolate  certain  physiological  occurrences  in  the 
plant's  growth.  The  development  of  such  a  scale  has  been  employed  in  this  experi¬ 
ment  in  order  to  study  in  detail  the  morphological  characters  of  a  large  and  diverse 
number  of  varieties  of  spring  barley  (Hordeum  vulgare  L.  6-row)  selected  from  the 
World  Barley  Collection  in  Aberdeen,  Idaho.  This  material  was  selected  to  display 
a  wide  diversity  in  the  length  of  time  taken  to  reach  each  of  four  major  growth  stages. 
It  was  hoped  that  analysis  of  such  a  diverse  genetic  base  would  provide  the  informa¬ 
tion  necessary  in  order  to  manipulate  the  lifespan  of  a  crop  without  the  attendant 
sacrifice  of  yield.  Thorne  et  al.,  1968,  stated  that  such  a  manipulation  is  possible 


under  certain  environmental  conditions. 
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The  purpose  of  this  study  then,  was  to  examine  in  detail  the  physiology 
and  behavior  of  four  major  growth  periods  and  their  attendant  combinations  in  order 
to  discover  the  period,  if  any,  that  would  be  the  most  receptive  to  manipulation. 
Recordings  were  taken  for  every  sample  as  it  developed  to  each  of  the  four  major 
growth  stages:  emergence;  internode  elongation;  heading;  and  maturity.  By 
analysing  the  behavior  of  all  these  growth  periods,  it  was  hoped  to  discover  the 
relative  contribution  of  each  period  to  the  plant's  overall  growth  and  development 
in  an  Alberta  environment. 

Also  studied  were  several  important  morphological  characters  that  would 
give  a  better  indication  of  the  behavior  expected  from  such  a  diverse  collection  of 
material  during  certain  phases  of  the  crop's  development.  This  would  give  a  more 
comprehensive  idea  of  the  overall  contribution  to  earliness  and  yield  of  the  various 
growth  stages.  A  variety  of  environments  was  provided  in  order  to  attain  a  better 
Idea  of  the  behavior  of  such  diverse  material. 
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LITERATURE  REVIEW 

I.  GROWTH  STAGES,  THEIR  HISTORY  AND  USAGES 
i.  The  History  of  Quantitative  Measurements  in  Cereals 

In  order  to  study  the  physiology  of  growth  and  yield  in  cereals,  it  was  neces¬ 
sary  for  early  workers  to  divide  the  lifespan  of  the  crop  into  a  series  of  growth  stages. 
Pope,  in  1932,  pioneered  this  approach  by  developing  a  "growth  curve"  for  barley  and 
by  attempting  to  describe  events  in  the  curve  by  examining  specific  stages  in  the  de¬ 
velopment  of  the  plant.  Bonnet,  in  1935  (revised  in  1966)  conducted  an  exhaustive 
study  into  the  development  of  the  cereal  spike,  and  described  the  formation  of  the  barley 
spike  in  relation  to  the  development  of  the  plant.  He  stated  that  the  morphological  de¬ 
velopment  of  a  head-bearing  barley  stem  can  be  divided  Into  two  phases.  These  phases 
can  be  approximately  determined  by  examining  the  stem  and  shoot  apex.  The  first  com¬ 
plete  scale  for  studying  the  growth  stages  of  cereals  was  devised  by  Feekes  in  1941 
and  modified  and  illustrated  by  Large  In  1954.  Here,  the  main  morphological  stages 
of  cereals  were  numbered  from  1  to  11  in  ontogenetic  order  from  seedling  emergence 
until  grain  ripening.  For  many  years,  this  was  one  of  the  best  known  and  widely  used 
scales.  Other  scales  were  frequently  devised  however,  in  order  to  meet  specific  re¬ 
quirements  of  certain  crops.  The  requirements  of  a  suitable  growth  scale  were  given 
by  Hanway  in  1963,  when  he  stated  that  any  useful  system  of  sampling  plants  should 
satisfy  the  following  criteria: 

(a)  It  should  permit  sampling  at  different  times  throughout  the  growing  season; 

(b)  It  should  permit  sampling  at  any  Important  transitional  period  in  the  physiological 
or  morphological  development  of  the  plant;  and  (c)  It  should  permit  sampling  at 
stages  of  plant  development  which  can  be  readily  assessed  in  the  field. 
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Examples  of  these  alternate  systems  were  developed  by  Hanway,  who 
described  a  system  specific  for  corn  (Zea  mays  L. )  on  a  scale  of  1  to  10;  and  by 
Vanderlip  and  Reeves  (1971)  who  described  the  lifespan  of  sorghum  (Sorghum  bi¬ 
color  (L)  Moench)  with  a  scale  of  0  to  9.  Haun,  in  1973,  devised  a  scale  to 
closely  follow  the  growth  curve  of  wheat  using  decimals  that  described  continuous 
development  for  physiological  studies.  However  he  stated  that  his  system  would  not 
apply  to  barley  because  it  has  a  differently  shaped  growth  curve. 

It  was  not  until  1974  that  Zadok  et  al.  presented  the  ten  requirements  that 
a  successful  growth  scale  must  fulfil  and  proceeded  to  develop  a  specific  one  for 
cereals.  They  used  a  system  of  principal  growth  stages  described  on  a  scale  of  0  to  9, 
with  secondary  growth  stages  using  a  second  digit,  also  on  a  scale  of  0  to  9,  with 
position  5  reserved  for  the  median  value. 

For  the  purposes  of  the  present  study,  however,  a  less  detailed  scale  has 
been  employed,  showing  the  major  stages  of  growth  and  dividing  the  lifespan  into 
four  different  periods.  It  is  similar  to  scales  commonly  employed  by  other  researchers 
to  show  major  events  in  the  plants'  life  (Thorn  et  al.,  1968,  and  Paris  et  al.,  1969). 
Comparisons  of  this  system  with  those  of  Feekes  and  Zadoks  et  al.  are  shown  In 
Appendix  C. 

ii.  Definition  of  the  Stage  Internode  Elongation  (IE) 

There  has  been  considerable  discussion  concerning  the  importance  of  the 
stage  described  as  Internode  Elongation.  Since  Bonnett  (1935)  described  the  con¬ 
current  appearance  of  double  ridges  on  the  shoot  with  the  beginning  of  internode 
elongation,  there  has  been  confusion  as  to  whether  floral  initiation  has  been  completed 
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by  the  time  the  culm  elongates.  In  1963,  Nicholls  and  May  found  that  the  initiation 
of  double  ridges  occurred  when  the  apex  was  a  particular  length  (0.45  mm),  and  that 
the  initiation  of  stamen  initials  on  the  most  advanced  spikelet  and  the  cessation  of 
primordia  formation  all  occurred  concurrently.  Biswambhar  (1964)  showed  that  culm 
elongation  constituted  a  part  of  the  reproductive  growth  phase,  and  that  internode 
elongation  prevails  after  ear  initiation.  Aspinall  (1966)  found  that  IE  varied  among 
different  varieties,  commencing  at  a  much  earlier  stage  of  floral  organogenesis  in 
some  varieties  than  in  others,  and  that  these  differences  were  genetically  controlled. 

This  was  supported  by  Fairey  et  al.  (1975),  who  stated  that  the  cessation  of  spikelet 
initial  formation  and  the  beginning  of  internode  elongation  did  not  occur  simultaneously. 
The  latter  began  just  before  or  at  double  ridge  formation.  These  effects  were  summari¬ 
zed  by  Paris  et  al.  (1969),  who  stated  that  almost  invariably  the  appearance  of  the 
stage  Node  at  Ground  Level  (beginning  of  internode  elongation)  can  be  used  to  indi¬ 
cate  that  floral  Initiation  has  occurred  In  a  barley  plant,  but  cannot  be  used  to  indi¬ 
cate  the  stage  of  floral  organogenesis  under  all  conditions,  as  there  may  be  variation 
among  the  genotypes. 

ill.  Applications  of  Growth  Scales 

There  have  been  numerous  approaches  to  the  application  of  growth  scales, 
both  in  the  varied  forms  of  analysis  used,  and  in  the  purposes  to  which  these  results 
have  been  put.  Relationships  among  the  stages  have  been  employed  in  studies  of 
earliness,  of  physiological  and  pathological  processes,  and  of  yield  in  a  plant. 

For  example,  Aksel  and  Johnson  In  1961  performed  a  genetic  analysis  on 
two  major  growth  periods  in  barley  (seeding  to  heading  and  heading  to  ripe)  in  order 
to  find  their  relationships  in  length,  and  their  correlations  with  yield.  Chang  et  al. 
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(1969)  performed  a  component  analysis  on  the  vegetative  phase  and  the  photoperiod 
sensitive  phase  of  rice  in  order  to  discover  their  genetic  relationships.  Robinson 
(1971)  used  Growing  Degree  Day  summations  to  certain  stages  in  sunflower  (Helianthus 
annus  L. )  in  order  to  discover  the  physiological  requirements  of  these  stages. 

Williams  (1971)  compared  the  dates  of  phonological  stages  In  wheat  over  a  large  geo¬ 
graphical  area  in  order  to  discover  the  differences  in  relationships  of  these  stages 
between  environments. 

Other  researchers  have  studied  the  effects  of  the  length  of  the  growth  period 
on  yield  by  dividing  yield  Into  three  components,  namely  X  (number  of  heads  per 
plant),  Y  (number  of  kernels  per  head),  and  Z  (kernel  weight),  each  of  which  Is  in¬ 
fluenced  differently  by  an  individual  growth  phase  (Rao  and  Prasada,  1972;  Nickel  I 
and  Grafius,  1969;  Paris  and  Guitard,  1969;  Thomas  etal.,  1971). 

II.  INHERITANCE  OF  HEADING  TIME  AND  MATURITY  IN  CEREALS 

In  past  years  there  have  been  conflicting  reports  in  the  literature  concerning 
the  inheritance  of  heading  time  in  cereals.  Early  reports  showed  that  heading  time  was 
under  the  control  of  only  one  or  two  genes,  while  others  showed  that  it  was  quantita¬ 
tively  inherited  by  a  number  of  polygenes.  Frey  (1954),  working  with  barley,  reported 
that  heading  date  was  controlled  by  one,  two  or  three  gene  pairs.  Environmental 
effects  on  heading  date  were  seen  as  additive.  AIsd  supporting  this  view  of  additivity 
were  Johnson  and  Paul  (1958).  Using  means  and  variances  of  Fg  and  F3  generations  of 
barley,  they  concluded  that  the  parents  differed  by  additive,  increaser  alleles  at  two 
loci  in  each  cross.  Eunus  (1964),  reanalyzed  the  data  and  concluded  that  eorliness 
was  controlled  by  polymeric  genes.  Two  to  five  effective  factors,  which  were 


wv..  ■'“*  “•’-‘=  ”'™"“  “*  ""'' 

.  9W>U  lo3'Oolo:i'<f!.3.  srfi -t^-vosjib  o<  I«fe>c  n.  .  J  i.__ 

■*  4  *  ^-4t  kATr>#vnco  {f^f} 

-o«B  »8«'  I9vt>  losrfw  ni  t»r>-A  ^ 

J  «  I  fcr'-i  ia»VC)2y8^b  Ol  lab'IO  lfJO»'- 

Vj  <.rfw.eiioI»-i ...  «%,r-.u„t  b  *r,l  wo38,e^^  ^ 

'  .  •?" 

"  I 

*.b  10  4,3n.<  U *'«■»-  ,v..;l 

ib=»^  1 V  «c'-m;n>  X  yl5f>>o'’  »?vii  (ftn.  uW’v  ay  u«/-t'  ^  bl3.'<  no 

i*»  "*!  hnn  fbs-nl  '*»•:"  to  vtiiiCi-q 

■  -.S':’!  Wno  swiq  .If^T-ft  te,i.fc.y^-  •*  *  '  yUn^'S^Ttb  tahniuR 

.  <-;yt  ,.ipi^^o...c.f!T  .«o^t  ^1^0  iy«^ 

ZiAjK^J  Ml  V^WUTA^‘.  QMA  JH  ^O  .?.>'••  TiriH Ml  .H 

e,«n«o«wo  8ilrtC^3«t  3-^  n;  >»o.,6i  svoa.tn:i’  I  t.s<  «pq  nt 

*..«  ^!«  enlbo..!  toHl  fa..vc.,ir  o loq-  vl»3 
-u.i..oyc  ti  ..  f-  Uwo^:  =.!«  *■  v"’;  •!’“ 

.X9'’Krf  5''!:C.=>w  .(VWf'  X9^  .«nosx>WI'^>  ;'•'■’«■  ”  X^*''» 


lowwoVvn^  «-i:.-ir.  s-roc  ■'■•'  o^l"  .jno. -j  ^  '^'.5*’ 
V!»:i;:ifce.1o»V.yf»(l*  eVu.L  ,•»' ..sviV.’At  ^  .r,.)4  »««'»! Ac'-  ^'^'*-''  « 
l€>  tir*^  <«>coqov  b.^o  .g/iaU  r»csjni4ol 

rtaiylw  ,rieu.al  9«Sij'j#te  f.vtl  ot  owT  .fereie"  W9‘.;?<'q  yrl  SiHclnoo  .ow 


7 


possibly  groups  of  polygenes  acting  together,  were  estimated  to  be  affecting  ear  I  i  ness. 
Crumpacker  and  Allard  (1962),  using  a  dial  lei  analysis  on  barley,  found  that  most  of 
the  genetic  variability  could  be  attributed  to  additive  and  dominance  effects  of 
genes,  with  a  major  part  of  this  variability  associated  with  three  major  genes  (effec¬ 
tive  factors).  Two  of  these  major  genes  exhibited  partial  dominance  in  the  direction 
of  earliness,  and  one  of  them  exhibited  dominance  in  the  direction  of  lateness.  Evi¬ 
dence  was  also  produced  of  a  smaller  system  of  minor  genes  displaying  little  or  no 
dominance.  Riggs  and  Hayter  (1972),  working  on  the  estimation  of  genetic  compo¬ 
nents  of  spring  barley,  confirmed  that  additive  genetic  variance  was  high,  and  that 
partial  dominance  was  operating  in  the  expression  of  the  character  in  the  direction  of 
earliness.  A  slightly  different  approach  was  adopted  by  Aksel  and  Johnson  (1961), 
again  with  barley,  when  they  divided  the  growing  time  into  two  periods:  one  being  the 
sowing  to  heading  period;  and  the  other  being  the  heading  to  ripening  period.  They 
found  that  a  short  sowing  to  heading  period  was  dominant  over  long,  and  a  long  heading 
to  ripening  period  was  dominant  over  short.  In  a  given  parent,  a  long  first  period  was 
associated  with  a  short  second  period,  and  vice  versa.  These  relations  were  broken 
rarely  in  the  progenies,  suggesting  close  linkage. 

Paroda  and  Hayes  (1971)  studied  the  association  between  genotype  x  environ¬ 
ment  interaction  and  the  expression  of  earliness  in  barley.  Rate  of  ear  emergence  was 
governed  by  partial  dominance,  and  interaction  between  the  additive  components  and 
the  environment  was  found  to  be  greater  than  that  of  the  dominance  component  in  dif¬ 
ferent  environments. 

Takahashi  and  Yasuda  (1972)  employed  a  different  approach  when  they 
pointed  out  that  there  were  at  least  three  internal  physiological  factors  responsible  for 
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the  time  of  heading  in  barley.  They  were: 

1.  Vernalization  Response,  or  the  degree  of  spring  and  winter  growth  habit. 

2.  Photoperiodic  Response  (sensitivity  to  shortened  photoperiod). 

3.  Earliness  in  the  Narrow  Sense  (sensitivity  to  long  photoperiod). 

The  last  two  factors  are  always  concealed  or  masked  by  winter  habit,  and 
are  clearly  manifested  only  in  the  highly  spring  genotype.  They  therefore  concluded 
that  a  large  number  of  genes  were  involved  in  different  early  varieties. 

In  studies  of  vernalization  response,  Takahashi  and  Yasuda  concluded  that 
at  least  three  pairs  of  genes  were  responsible  for  growth  habit  in  barley,  with  one  re¬ 
cessive  and  two  dominant  genes  for  spring  habit,  and  alleles  for  winter  habit.  Pugsley 
(1971),  working  with  winter  wheat,  stated  that  the  range  of  intensity  of  the  winter 
character  may  be  due  to  the  operation  of  multiple  recessive  alleles.  Klaimi  and 
Qualset  (1974)  employed  crosses  between  spring  and  winter  wheats  to  determine  the 
vernalization  response.  They  concluded  that  in  some  spring  x  winter  crosses  most 
variation  in  heading  time  could  be  attributed  to  the  effects  of  major  genes.  In  other 
crosses,  genes  with  smaller  effects  are  also  involved  in  the  control  of  hasading  res¬ 
ponse  under  spring  or  summer  environments. 

Other  approaches  to  earliness  have  been  made  by  studying  the  photo- 
periodic  responses  of  a  cereal.  These  responses  can  usually  be  determined  once  the 
vernalization  requirement  is  accounted  for.  Takahashi  and  Yasuda  (1972)  stated  that 
earliness  under  a  short  photoperiod  was  due  to  a  single  recessive  gene  in  barley.  It 
was  generally  agreed  among  later  authors  that  early  heading  in  short  days  was  associ¬ 
ated  with  photoperiodic  insensitivity.  Keim  et  al.  (1973)  indicated  a  two  gene  system 
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controlled  major  photoperiodic  response,  which  expressed  dominant  epistasis  for 
earliness  of  wheat;  while  Klaimi  and  Qualset  (1973)  indicated  that  earliness  was 
quantitatively  inherited  in  wheat,  showing  a  high  average  degree  of  dominance  for 
earliness  (photoperiod  insensitivity)  and  a  preponderance  of  recessive  alleles  acting 
in  the  direction  of  lateness. 

Recent  studies  on  earliness  have  shown  that  there  is  some  variability  that 
is  unaccounted  for  by  vernalization  response  or  photoperiodic  sensitivity.  This  extra 
factor  is  thought  to  be  minor  in  effect  (Keim  et  al.,  1973),  but  still  significant. 

Recent  papers  have  labelled  this  factor  as  sensitivity  to  temperature  by  the  different 
varieties  (Martinic,  1975,  and  Halloran,  1976,  both  in  wheat). 

III.  THE  PHYSIOLOGY  OF  EARLINESS  IN  CEREALS 

As  northern  latitudes  are  characterized  by  a  short  growing  season,  early 
maturity  is  of  primary  importance  for  the  adequate  growth  of  cereals.  Bonnett  (1966) 
has  made  detailed  study  of  the  development  of  the  cereal  head  and  has  described  the 
progress  of  the  barley  head  to  pollination  in  growth  phases.  The  first  phase  is  charac¬ 
terized  by  the  internodes  of  the  stem  remaining  short,  the  shoot  apex  producing  only 
leaf  primordia  and  the  undifferentiated  portion  of  the  shoot  apex  elongating.  The  second 
phase  begins  at  the  appearance  of  double  ridges  on  the  shoot,  and  is  characterized  by 
the  differentiation  and  development  of  its  parts.  Kirby  (1974)  described  the  timing  and 
period  of  ear  development  in  wheat  as  due  to  the  rate  of  leaf  initiation,  the  number  of 
leaves,  the  rate  of  spikelet  initiation  and  the  total  number  of  primordia.  Similar  de¬ 
velopment  was  found  in  barley,  with  differences  in  relative  growth  rates  among 
varieties  found  mainly  in  the  latter  part  of  the  season.  Quinby  and  Liange  (1969) 
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found  that  earliness  in  sorghum  hybrids  was  mainly  a  result  of  rapid  development  of 
the  meristem  prior  to  floral  initiation  and  a  more  rapid  development  of  the  panicle 
in  earlier  types. 

One  cannot  study  earliness  in  a  cereal  without,  in  general,  considering 
its  close  relationship  with  yield.  Time  taken  from  planting  to  flowering  has  been 
found  to  account  for  a  significant  portion  of  the  variation  in  grain  yield  (Beech  and 
Norman,  1971;  Rao,  1972).  Bhatt  (1973)  through  the  use  of  path  coefficient  analysis 
discovered  that  heading  time  of  wheat  had  no  direct  influence  on  yield  itself,  but  had 
an  indirect  influence  through  the  components  kernel  weight  and  spike  number. 

The  earliness  of  a  cereal  is  mainly  dependent  on  the  interaction  of  its  geno¬ 
type  with  various  specific  environmental  factors.  Takahashi  and  Yasuda  (1972) 
described  this  interaction  as  the  operation  of  vernalization  response  and  response  to 
short  and  long  photoperiod.  Williams  (1971)  found  that  the  times  (from  seeding)  taken 
for  wheat  to  reach  a  certain  phenological  stage  varied  with  latitude,  longitude  and 
elevation  on  the  Canadian  Great  Plains.  Marcellos  and  Single  (1971)  correlated  the 
duration  of  the  pre-initiation  and  post-initiation  growth  phases  in  wheat  with  photo¬ 
period  and  temperature,  thus  developing  an  equation  to  describe  the  length  of  a  given 
growth  phase  in  terms  of  field  temperature  and  photoperiod: 

Y  =  bo  +  bi  (l/xi)  +  b2X2 

where  Y  is  defined  as  the  length  of  the  phase  in  days,  xi  is  the  mean  daily  temperature 
experienced  during  the  phase,  and  X2  is  the  corresponding  mean  daily  photoperiod. 

This  model  accounted  for  80-90%  of  variation  of  length  in  vernalized  material,  but 
was  less  precise  in  unvernalized  material.  Mayr  (1969)  working  with  spring  wheat. 
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discovered  that  radiation  and  temperature  requirements  were  variety  specific  up  to 
time  of  heading,  and  that  the  varieties  differed  as  to  their  requirements  at  specific 
growth  stages.  Varieties  did  not  differ  in  their  light  and  temperature  requirements 
after  heading. 

i.  Photoperiod  Sensitivity 

An  important  characteristic  affecting  the  growth  and  development  of  a 
cereal  is  its  photoperiodic  sensitivity.  It  was  found  that  generally  the  early  maturing 
varieties  were  those  with  low  day  length  sensitivity,  with  the  earliest  varieties  being 
completely  day  neutral  (Syme,  1973  and  Martinic,  1975  in  wheat).  However, 

Martinic  (1973)  has  found  exceptions  to  this  rule  and  states  that  it  is  possible  to  pro¬ 
duce  varieties  with  little  or  no  relationship  between  photoperiod  and  life-cycle  dura¬ 
tions.  Rawson  (1971)  has  quantified  this  relationship  in  wheat  by  presenting  the  dif¬ 
ferent  responses  shown  by  early  and  late  varieties.  The  early  wheats  maintained  high 
rates  of  spikelet  production  up  to  the  terminal  spikelet  appearance  under  all  day  lengths, 
and  varietal  differences  occurred  only  in  the  duration  of  spikelet  production.  The 
medium-late  and  late  varieties  were  characterized  by  the  maintenance  of  high  rates 
of  spikelet  production  under  long  photoperiod,  but  with  shortening  photoperiod  the 
rates  became  progressively  lower  and  were  further  reduced  as  the  terminal  spikelet  dif¬ 
ferentiation  was  approached. 

The  effects  of  photoperiod  seem  to  be  generally  consistent  in  cereal  crops 
with  differences  produced  being  due  to  the  degree  of  sensitivity.  Long  days  decreased 
the  time  to  heading  In  wheat  (Halse  and  Wier,  1970;  Wall  and  Cartwright,  1972)  and 
in  barley  (Aspinall,  1966;  Paleg  and  Aspinall,  1966).  However,  there  were  fewer 
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spikelets  produced  in  this  shorter  time.  Short  days  resulted  in  on  increase  in  the 
time  to  heading,  resulting  in  on  increase  in  primordia  number  which  compensated  for 
a  decreased  rate  of  production  (Fairey  et  al.,  1975).  Photoperiodic  response  can 
occur  in  either  or  both  of  the  two  stages  of  development  (before  initiation  and  post¬ 
initiation  to  heading)  in  wheat  (Rawson,  1971);  and  can  also  occur  in  both  stages  in 
barley  (Aspinall,  1966;  Paleg  and  Aspinall,  1966).  However,  it  has  been  generally 
agreed  that  there  is  a  close  association  between  the  length  of  the  preheading  phase 
and  the  number  of  spikelets  produced,  thus  affecting  the  yield  of  the  plant  (Rawson, 
1970;  Wall  and  Cartwright,  1974). 

Differing  responses  to  changes  in  photoperiod  may  occur,  depending  on 
when  during  the  life  cycle  this  change  is  applied.  Guitard  (1960),  working  with 
barley,  showed  that  increases  in  photoperiod  during  stage  I  (seeding  to  internode 
elongation)  resulted  in  a  reduction  of  the  number  of  days  to  internode  elongation  and 
to  heading;  and  an  increase  in  the  number  of  days  from  heading  to  maturity.  An  in¬ 
crease  in  photoperiod  during  stage  II  (internode  elongation  to  heading)  reduced  the 
number  of  days  in  this  period.  Paris  and  Guitard  (1969)  found  that  longer  daylengths 
always  reduced  the  time  to  maturity  in  barley,  but  decreased  final  yield  only  when  ap¬ 
plied  during  stage  I  (seeding  to  IE). 

It  has  been  found  that  not  only  the  amount  of  light  (daylength)  received 
affects  the  photoperiod  sensitivity  of  the  cereal,  but  also  the  type  and  quality  of  light. 
Responses  to  night  interruption  have  been  recorded  in  barley  (Paleg  and  Aspinall,  1966) 
and  in  oats  (Sampson  and  Burrows,  1972).  The  latter  suggested  that  the  photoperiodic 
control  of  heading  date  in  oats  is  exercised  by  the  length  of  the  dark  period.  Aspinall 
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(1966)  and  Tingle  et  qI,  (1970)  found  that  both  the  intensity  of  light  and  the  amount 
of  far-red  energy  present  affected  the  rate  of  primordium  development  in  barley. 

In  some  cases,  where  intensity  was  low  and  there  was  a  low  amount  of  far-red 
energy,  some  varieties  failed  to  head, 
ii.  Vernalization  Response 

A  second  important  influence  on  the  length  of  a  cereal's  lifespan  is  its 
vernalization  response.  Defined  as  the  amount  of  spring  or  winter  growth  habit 
present  in  a  cultivar,  the  presence  or  absence  of  vernalization  response  has  been 
found  to  affect  the  earliness  or  lateness  of  barley  even  when  it  is  obviously  of  spring 
habit  (Takahashi  and  Yasuda,  1972).  Aitken  (1966)  showed  that  early  varieties  of 
cereals  (wheat,  barley,  oats  and  rye)  were  almost  insensitive  to  temperature  and 
photoperiod  and  that  the  length  of  the  growing  period  to  floral  initiation  was  con¬ 
trolled  by  its  vernalization  response.  Supporting  this  was  Rawson  (1970)  working 
with  wheat,  who  found  with  varieties  that  showed  a  marked  response  to  vernalization 
the  period  up  to  inflorescence  initiation  was  the  most  important,  as  potential  spike- 
let  sites  were  being  established.  Once  floral  initiation  occurred,  inflorescence  deve¬ 
lopment  proceeded  rapidly.  In  those  varieties  with  only  a  slight  response  to  cold, 
both  the  period  to  floral  initiation  and  the  period  of  development  were  important. 

Syme  (1973)  found  that  vernalization  sensitivity  and  photoperiodic  sensitivity  in  the 
period  from  sowing  to  ear  emergence  combined  accounted  for  77  to  94%  of  cultivar 
variation  in  spring  wheat.  Halloran  (1975)  working  with  varying  vernalization  res¬ 
ponses  of  wheat,  showed  that  prior  vernalization  did  not  significantly  alter  the  rate  of 
photoperiodic  response,  indicating  the  physiological  independence  of  vernalization 
and  photoperiodic  responses. 
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iii.  Temperature  Response 

A  third  factor  influencing  the  time  to  maturity  is  the  plant's  response  to  tem¬ 
perature.  Halloran  (1975,  1976)  produced  evidence  that  this  response  is  independent  of 
vernalization  and  photoperiodic  sensitivities.  Shigolev  (1957)  and  Mayr  (1969)  have 
shown  that  the  length  of  the  growing  period  of  wheat  is  dependent  on  the  summation  of 
temperature  to  which  it  was  exposed,  as  well  as  light.  This  was  confirmed  by  Marcel¬ 
los  and  Single  (1971)  who  showed  that  the  duration  of  pre-initiation  and  post-initiation 
phases  in  wheat  were  highly  correlated  with  photoperiod  and  temperature. 

Paris  (1967)  has  found  varietal  differences  in  barley  response  to  temperature 
in  the  time  taken  to  germinate.  He  stated  that  varieties  tended  to  maintain  their  ranking 
over  a  wide  range  of  temperatures. 

High  temperatures  have  been  found  to  reduce  the  number  of  days  to  germina¬ 
tion  to  initiation  and  anthesis  but  did  not  affect  spikelet  number  except  through  ver¬ 
nalization  (Halse  and  Weir,  1970,  in  wheat;  Coligado  and  Brown,  1975,  in  corn). 
Reduction  of  yield  in  barley  by  high  temperatures  has  been  shown  to  be  due  to  a  reduced 
production  of  tillers  (Connell,  1969).  On  the  other  hand.  Wall  and  Cartwright  (1974) 
found  that  temperature  altered  the  developmental  pattern  of  wheat  by  decreasing  both 
leaf  and  spikelet  numbers,  while  Tingle  et  al.  (1970)  showed  that  alternating  day/night 
temperatures  increased  the  spikelet  number  in  barley. 

Temperature  changes  have  been  shown  to  affect  the  photoperiodic  response 
of  a  variety  (Caddel  and  Weibel,  1971,  in  sorghum)  for  the  sensitivity  to  photoperiod 
is  reduced  at  higher  temperatures  (Coligado  and  Brown,  1975,  in  corn). 

Aitken  (1966)  found  that  in  the  post-initiation  stages  of  barley,  temperature 
produced  a  greater  environmental  effect  than  photoperiod.  Within  the  early  group  of 
varieties  there  was  a  ranking  of  sensitivity  to  temperature  both  before  and  after  floral 
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initiation  which  allowed  the  ranking  of  varieties  from  very  early  to  late,  with  the 
earliest  varieties  being  insensitive  to  temperature.  In  the  later  varieties  of  wheat, 
exposure  to  high  temperatures  after  floral  initiation  resulted  in  a  delay  in  the  rate 
of  growth. 

IV.  GENETICS  OF  YIELD  IN  CEREALS 

Close  association  between  yield  and  its  components  has  been  found  in 
numerous  cases  of  study  of  the  inheritance  of  yield  in  cereals.  Fonseca  et  al.  (1968) 
and  Singh  et  al.  (1970),  both  working  with  wheat,  found  that  grain  yield  was  highly 
and  positively  correlated  with  the  components  tillers  per  plant,  grains  per  ear  and 
grain  weight.  This  was  supported  by  Walton  (1971)  who  used  factor  analysis  and  a 
stepwise  multiple  regression  to  show  that  a  large  portion  of  the  variation  in  yield  was 
supplied  by  these  three  components.  Nickel  I  and  Grafius  (1969),  working  with  barley, 
stated  that  an  optimum  combination  existed  in  a  given  gene  pool  for  yield  components 
and  their  interrelationship,  in  order  that  maximum  yields  may  be  reached  for  a  given 
environment.  A  close  association  between  plant  height  and  yield  in  wheat  has  also 
been  shown  by  Bhatt  (1972,  1973),  but  Khadr  and  Morsy  (1973)  found  a  negative  re¬ 
lationship  between  height  and  kernel  weight. 

Anwar  and  Chowdry  (1969)  showed  that  yield  and  plant  height  in  wheat 
were  quantitatively  inherited  and  that  substantial  heterosis  occurred  for  higher  grain 
yield.  Aksel  and  Johnson  (1961)  stated  that  those  varieties  which  were  dominant  for 
the  length  of  the  sowing  to  heading  period  tended  to  be  dominant  also  for  the  number 
of  kernels  per  spike,  for  kernel  weight  and  for  yield.  Walton  (1969),  Bhatt  (1972), 
and  Khadr  and  Morsy  (1973)  found  that  most  of  the  genetic  variance  for  plant  height. 
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kernel  weight  and  spike  length  in  wheat  were  due  to  additive  gene  action.  Partial 
dominance  was  also  important  for  variance  in  number  of  spikelets  per  spike  and  for 

heavy  kernel  weight.  Bhatt  found  a  tetragenic  control  of  kernel  weight  in  wheat. 

Halloran  (1975)  indicated  that  additive  genetic  variance  in  wheat  was 
present  for  the  characters  kernel  weight,  spikelet  number,  tiller  number  and  total 
grain  yield;  but  he  also  detected  evidence  of  genic  interaction  in  tiller  number  and 
grain  yield.  He  associated  high  expression  of  grain  weight,  tiller  number  and  yield 
with  dominance,  while  high  expression  of  spikelet  number  was  associated  with  re¬ 
cessiveness. 

A  different  approach  has  been  adopted  by  Grafius  and  his  associates  in  a 
series  of  papers.  Working  with  a  number  of  cereals  (barley,  rice,  wheat,  and  oats), 
they  have  studied  the  sequential  appearance  of  yield  components.  Thomas  et  al. 

(1971)  transformed  the  yield  component  data  to  rule  out  correlations  with  previous  com¬ 
ponents.  Their  analysis  revealed  that  the  genetic  variance  of  the  untransformed  com¬ 
ponents  was  mainly  additive  in  control.  However,  when  the  correlations  between 
components  were  removed,  deviations  from  additivity  which  increased  in  magnitude  as 
the  developmental  traits  progressed  were  observed.  The  relative  variance  of  the  trans¬ 
formed  variable  compared  to  the  untransformed  variable  approached  zero  in  the  last 
component,  kernel  weight.  Therefore  the  heritability  of  a  component,  after  confounding 
correlations  are  removed,  can  differ  considerably  from  the  apparent  (untransformed) 
situation.  In  an  associated  paper,  Grafius  and  Thomas  (1971)  showed  that  the  plant  fol¬ 
lowed  an  oscillatory  pattern  in  the  sequential  development  of  its  components.  They 
showed  that  direct  genetic  control  of  kernel  weight  (X3)  was  very  weak,  and  that  it 


wee  brio 

,ri  »<!  >C.  lodtnw.nJ-sowHev  tnotnclim;  <3,5p  emv  .w9«.T,ob 

.icoA,  .-,:  16  t^..oo  o  bm,o»  ifolit  .tnai.i-r  We^  '*»»•'< 

,ow  Wv  0-  ■,of.oH:v  ohooas  Itrf.  r...loD;b^i  t)  ,■ 

*■  '  - 

;Q1v>1  cno  ^>T>' *  i3fS^  -.'r-'^-  ^ 


■  ‘’i  '  '  1  „.i®i 


bn(,  «*™i  «1'4.  roi'oDisfrt!  1o  ewaijivn  bo»--«'sb  brii 

bSoh  U  K-drnuo  Orte**"  »*>  rrpLaiiflrfa  bertOieoiV'  »«  .:.!oi<  >i!di8 

-%*.  rfliw  I»r7  ;)WJO  »ow  •trircwrt  !?«4.q£  la  »laii«iq*3  rl?-*!  ^torwi-nieb  Aiw 

_•  '  ,  i _  ' 

e  r;,  ..i.vao'iO  .lb  t^•.t>  iuilciO  yrf  bjiqcbo  ngW  ;orf  H?o:.-Kf«D  WeisHib  A 

^  ,./»w>.cnc  ,9a.’ <  i^sltctly  ilww  lo  ir -Wa,  ■jijf''’’' .*vjq»q  ,lo  j»t>*i  ^ 

"S 

m(X>  «»-cJv5Tq  4>:w  ot  livin'  ^iHn  hd.'ntcti^ool  (^^^0 

-fw»  teomioVrotlrv  ?4i  ^i»«ciiov  t-j^  i3,:xlc^i^‘'tIa4T  .<tn»:ioq 

».» 

n*nfvft*»d  ?rvoiiRU-5"r^  «iVA*<^obti; |,m*roq 

■  \ 

io  ,b<.Min|epm  n*  W^G*r^>lv  xf{viiji,bo  mtr.'*  «m»»ioqmo3 

-vo-it  #or«>t'nr*v  *Y4c4*n  n£rW >Or3««>'»0"Jiq  o4t 

#4t  ni  oi?5  ^5o-'^cfni>  ‘ty  bn^iaio^ 


ibtH'^yWtoo  ^jrr^^OCKrno;)  a  .0  *r!<  s  #of4l&rli  »r;>sj4 

{h(*r,i%jhnd!\fnu)  \rtc.i(D^qp  3^1  tgen-  ^s^bnoo  vi&  itioitoUix» 

I 

:r.. #?H  i(&4t  bovyiD'^e  K'la  vc^  7^  r»l  ,«c4iovti* 

v»4T  i!»  :ov|4'i£ib  pa?  m  rtt!»<<r.<^  vvi  otlis^^o  ao  bavi^t 

tl  icw^l  hno  ,^otv»  \-K»v  »  rX^  Ua^x  1o»iib  'ofH  bavroHi 


T  i.  ^ 


17 


depended  largely  on  the  control  of  prior  events:  number  of  heads  (Xi)  and  number 
of  seeds  per  head  (Xs)-  If  same  Xi  values  were  present  at  the  start,  success 
(high  yield)  of  a  variety  depended  mainly  on  the  election  of  high  or  low  Xg/  which 
was  mainly  under  genetic  control. 

Heritabilities  for  the  same  variable  will  not  remain  constant  between  popu¬ 
lations  as  the  relative  values  of  the  components  of  heritability  depend  on  the  gene  and 
gene  frequencies,  types  of  gene  action,  the  level  of  environmental  variation  and  the 
experimental  design.  However,  comparison  can  be  made  of  the  relative  magnitudes 
of  heritabilities  of  the  same  character  in  different  populations,  or  of  different 
characters  in  the  same  population,  thus  providing  a  guide  to  the  relative  responses 
expected  (Mather  and  Jinks,  1974).  Examples  of  such  differences  are  shown  in  a  num¬ 
ber  of  experiments  with  wheat.  Anwar  and  Chowdhry  (1969)  gave  a  broad  sense  esti¬ 
mate  of  61  and  70%  for  grain  hield  heritabilities  in  spring  wheat,  while  Fonseca  and 
Patterson  (1968)  showed  a  lower  estimate  of  yield  heritabilities  (narrow  sense)  of  17 
and  49%  in  winter  wheat.  Heritabilities  for  kernel  weight  varied  from  15  and  55% 
(Fonseca  and  Patterson,  1968)  to  a  high  of  89%  (Bhatt  in  spring  wheat,  1972).  Bor- 
thaker  and  Poehiman  (1970,  in  winter  barley)  showed  that  the  heritability  of  kernel 
weight  is  affected  by  the  environmental  influence  between  seasons,  as  well  as  the 
method  of  calculation.  These  heritabilities  ranged  from  24%  to  46%.  The  values  for 
number  of  kernels  per  spike  varied  from  38.  1%  (Khadr  and  Morsy  in  winter  wheat,  1972) 
to  85%  (Fonseca  and  Patterson,  1968).  In  most  of  these  cases  a  trend  developed 
where  heritabilities  for  yield  were  generally  lower  than  those  of  the  yield  components, 
while  those  for  plant  height  remained  relatively  high. 
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V.  THE  PHYSIOLOGY  OF  YIELD  IN  CEREALS 

As  yielding  ability  is  one  of  the  most  important  characters  a  variety  can 
possess,  a  large  amount  of  study  has  been  put  into  the  physiology  of  yield,  and  into 
methods  for  increasing  this  yielding  ability.  In  1923,  Engledow  and  Wadham  con¬ 
ducted  an  exhaustive  study  into  the  possible  factors  that  would  affect  the  yield  of 
a  cereal.  They  designated  five  broad  categories  of  factors  which  would  affect 
yield,  including  (1)  soil,  (2)  climate,  (3)  agricultural  practice,  (4)  disease  and 
damage,  and  (5)  botanical  variety  of  form.  It  was  through  studying  the  fifth 
character  (botanical  variety  or  form)  that  the  authors  explored  the  physiological  con¬ 
tributions  to  yield.  They  divided  yield  into  four  components,  which  are:  (1)  average 
number  of  ear-bearing  tillers  per  plant;  (2)  average  number  of  grains  per  ear;  (3) 
average  weight  of  a  single  grain;  and  (4)  average  percentage  of  dry  matter. 

As  the  concept  of  yield  components  became  accepted.  It  became  neces¬ 
sary  to  study  the  relative  importance  of  each  of  these  components  in  order  to  obtain 
maximum  yield.  It  rapidly  became  obvious  that  there  were  negative  relationships 
present  between  these  components,  and  that  maximum  yield  was  obtained  by  dif¬ 
ferent  interactions  among  them.  Some  interesting  examples  of  these  relationships 
were  provided  by  the  use  of  path-coefficient  analysis  to  find  the  direct  and  indirect 
effects  of  the  components  on  yield.  Fonseca  et  al.  (1968),  using  winter  wheat,  showed 
that  all  components  had  large  direct  effects  on  grain  yield,  with  number  of  spikes  and 
kernels  per  spike  having  the  highest  direct  effects.  Important  indirect  effects 
resulting  from  negative  correlations  among  yield  components  were  observed,  especially 
between  number  of  spikes  and  number  of  kernels  per  spike.  Malhotra  and  Jain  (1972) 
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employed  this  method  and  concluded  that  grains  per  ear  and  1000  seed  weight  are 
the  most  important  of  the  yield  components  in  barley.  Bhatt,  in  1973,  concluded 
that  kernel  weight  exerted  the  greatest  direct  and  indirect  influence  on  grain 
yield  per  plant  in  spring  wheat.  He  then  quoted  Asana  and  Mani  (1958)  as  showing 
that  with  adequate  water  supply,  ear  number  had  the  greatest  effect  on  grain  yield, 
whereas  under  water  stress  the  grain  number  per  ear  and  1000  kernel  weight  had 
the  same  effect  as  ear  number. 

These  conflicting  results  can  best  be  summed  up  by  quoting  from  Smoc^ek 
(1969)  who,  working  with  winter  wheat  stated:  "In  the  absence  of  abnormal  stress 
conditions  affecting  the  course  of  photosynthetic  processes,  the  relative  propor¬ 
tionally  decreasing  number  of  grains  per  ear  increases  the  run  of  photosynthates 
available  for  one  grain,  and  thus  the  wieght  of  one  grain  increases". 

An  interesting  approach  to  this  problem  was  adopted  with  the  develop¬ 
ment  of  the  concept  of  sequential  yield  components.  Researchers  found  that  mani¬ 
pulation  of  environmental  influences  at  different  stages  of  development  would  affect 
different  yield  components.  For  example,  manipulation  of  the  time  to  spikelet 
initiation  produced  changes  in  all  three  components,  but  mostly  in  number  of  grains 
per  head;  manipulation  of  period  2  (time  between  floral  initiation  and  anthesis)  in¬ 
fluenced  the  number  of  fertile  florets  and  the  number  of  ears;  and  manipulation  of 
period  3  (anthesis  -  ripe)  affected  mainly  the  kernel  weight  (Thorne  et  oL,  1968; 
Paris  and  Guitard,  1969).  Further  supporting  this  were  Willey  and  Holliday  (1971) 
who  conducted  shading  studies  on  barley  and  wheat  during  the  different  growth  phases. 
They  found  that  shading  in  phase  1  (time  to  floral  initiation)  produced  a  decrease 
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in  ear  number  due  to  suppressed  tillering  and  also  reduced  spikelets  per  ear. 

Shading  in  phase  2  (floral  initiation  to  heading)  produced  the  greatest  decrease  in 
yield  of  all  the  phases,  due  mainly  to  a  decrease  in  grains  per  ear.  A  significant 
decrease  in  yield  in  phase  3  was  due  to  a  decrease  in  grain  weight. 

In  1969  Nickel  I  and  Grafius  represented  yield  in  winter  barley  as  a  geo¬ 
metrical  construct  of  the  three  components,  which  were  developed  in  a  sequential 
manner.  They  were  heads  per  unit  area  (X),  kernels  per  head  (Y),  and  kernel 
weight  (Z).  The  concluded  that  "optima"  exist  in  a  given  gene  pool  for  yield 
components  and  their  interrelationships  in  order  that  maximum  yield  can  be 
reached  for  a  given  environment.  In  a  subsequent  paper,  Thomas  et  al.  (1971) 
attempted  to  discover  the  sources  of  variation  in  these  components  by  transforming 
them  (Y  and  Z)  to  delete  effects  of  previous  characters  (X),  and  concluded  that 
stress  was  the  force  tending  to  disguise  the  true  nature  of  the  source  of  control  over 
the  expression  of  the  second  and  subsequent  characters  in  a  developmental  sequence 
That  is,  environmental  effects  that  control  the  expression  of  the  first  character  (X), 
are  reflected  in  the  expression  of  the  second  character  (Y);  and  both  the  effects 
that  control  X  and  Y  are  reflected  in  the  third  character  (Z).  Tai  (1975)  supported 
this  relationship  with  the  use  of  path  analysis  to  determine  the  direct  and  indirect 
effects  of  control  over  a  given  character, 
i.  Number  of  Til lers 

The  first  of  the  yield  components  to  occur  in  the  sequence  was  described 
by  Willey  and  Holliday  (1971)  as  number  of  tillers,  either  per  plant  or  per  unit  area 
In  1960,  Guitard,  working  with  barley,  found  that  the  tillering  pattern  of  the 
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varieties  Olli  and  Vantage  reacted  differently  to  an  increase  in  photoperiod  during 
the  period  of  growth  up  to  internode  elongation.  Increasing  the  photoperiod  during 
the  second  growth  period  increased  the  number  of  fertile  tillers  produced/  but  a 
reduction  of  fertile  tillers  was  experienced  if  there  was  increase  during  the  third 
growth  period.  However  in  1968  Puckridge,  working  with  barley  in  different  light 
regimes,  found  that  plants  exhibiting  very  different  flowering  responses  produced 
identical  tillering  patterns.  This  suggested  that  in  the  early  stages  tillering  was 
not  directly  controlled  by  the  flowering  apex,  and  that  the  growth  of  tiller  buds 
depends  on  the  assimilates  from  other  parts  of  the  plant.  In  1971  Leakey,  working 
with  plant  density  variations  of  barley,  found  that  tiller  number  was  the  most  plastic 
character,  with  tiller  production  being  earlier  in  those  plants  which  emerged  into 
low  plant  density,  and  being  delayed  or  inhibited  with  higher  or  increasing 
densities. 

In  two  sequential  papers  Cannell  (1969)  studied  the  complete  tillering 
patterns  of  two  barley  varieties,  Spratt  Archer  and  Deba  Abed,  and  also  the  effects  of 
temperature,  light  intensity,  and  daylength  on  these  tillering  patterns.  In  the  first 
paper  he  showed  that  after  the  main  stem  (M)  the  most  frequently  occurring  tiller  was 
the  tiller  appearing  in  the  axil  of  the  first  true  leaf  (Ts),  followed  by  the  coleoptic 
node  tiller  (T i)  and  the  tiller  in  the  axil  of  the  second  true  leaf  (T s)*  M  contributed 
the  largest  percentage  of  the  grain  yield,  followed  by  T 2/  T  1,  and  T3,  with  varietal 
differences  in  yield  mainly  being  accounted  for  by  differences  in  the  number  of  Ti 
tillers.  He  concluded  that  varietal  differences  in  yield  were  partially  due  to  the 
number  and  position  of  axillary  buds  which  developed,  and  the  extent  of  variation  of 
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development  (in  apical  dominance).  Differences  were  also  due  to  the  number  and 
weight  of  grains  formed  on  the  various  shoots. 

The  second  paper  enlarged  on  these  conclusions,  and  showed  that  with  en¬ 
vironmental  variation,  the  major  varietal  differences  in  yield  (grain  weight/m  ^  were 
contained  in  Ti,  Ta,  and  T3.  Variation  in  total  tiller  number  was  a  reflection  of 
variation  in  the  Ti  tiller  number,  with  the  reduction  in  total  tiller  number  by  higher 
temperature  (at  sowing  period),  shorter  photoperiod,  or  reduced  light  intensity  being 
explained  by  change  in  the  supply  of  assimilates.  A  low  tiller  number  is  a  reflection 
of  the  failure  of  tillers  to  emerge  and  must  reflect  the  pre-emergence  growth.  Under 
adverse  conditions  such  as  high  temperature,  fewer  Ti  tiller  buds  developed,  and 
consequently  the  mean  length  of  the  tiller  was  restricted  from  the  early  stages  of 
growth.  It  was  shown  that  a  rise  in  temperature  during  the  sowing  period  was  the 
over-riding  factor  in  determining  the  number  of  Ti  tillers  produced, 
ii.  Number  of  Kernels  Per  Head 

The  second  of  the  sequential  yield  components,  the  number  of  kernels  per 
head,  has  been  regarded  in  many  cases  as  the  most  important  of  the  three  components. 
Thorne  et  al.  (1968)  working  with  wheat,  followed  by  Willey  and  Holliday  (1971) 
with  barley,  found  that  environmental  differences  in  periods  1  and  2  (pre-heading 
phase)  affected  yield  by  altering  the  capacity  of  the  ear  to  accumulate  carbohyd¬ 
rates,  determined  by  the  number  of  grains  per  ear,  rather  than  by  altering  the  supply 
of  carbohydrates.  High  correlations  of  spikelet  number  and  yield  were  also  found 
by  Paris  and  Guitard  (1969)  in  barley,  and  Rawson  (1970)  in  wheat. 
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In  most  cases  the  spikelet  number  of  a  cereal  was  closely  related  to  the 
length  of  the  pre-heading  phase.  Rawson  (1970)  divided  this  period  into  two  phases 
when  working  with  wheat.  He  found  that  with  those  cultivars  sensitive  to  vernali¬ 
zation  the  period  up  to  inflorescence  initiation  (double  ridge)  is  more  important  for 
controlling  spikelet  number.  In  this  period,  potential  spikelet  sites  were  established, 
and  in  a  variety  sensitive  to  vernalization,  once  floral  initiation  had  occurred  de¬ 
velopment  of  inflorescences  proceeded  rapidly  and  few  additional  spikelet  primordia 
were  differentiated.  In  those  cultivars  where  daylength  is  important  (with  no  ver¬ 
nalization  response)  it  is  the  duration  of  the  period  from  initiation  to  terminal  spike¬ 
let  formation  during  which  all  of  the  spikelet  initial  are  formed,  which  appeared 
critical  in  determining  spikelet  number.  The  spikelet  number  of  cultivars  with  a 
slight  response  to  cold  was  associated  with  the  length  of  both  these  periods  (time  to 
initiation  and  initiation  to  anthesis).  Rawson  enlarged  upon  this  in  1971,  again  with 
wheat.  He  found  that  differences  in  final  spikelet  number  arose  from  differences  in 
double  ridge  number  at  floral  initiation,  in  the  rate  of  production  of  spikelet  pri¬ 
mordia  and  in  the  duration  of  production.  However,  he  stated  that  the  final  spikelet 
primordlum  number  was  not  determined  solely  by  the  duration  of  production,  for  under 
shorter  photoperiods  the  Initial  rates  of  spikelet  appearance  were  lower  for  later 
cultivars,  and  In  all  but  the  earliest  varieties  rates  of  appearance  fell  as  the  termi¬ 
nal  spikelet  was  approached.  Thus  the  early  varieties  maintained  a  high  rate  of 
spikelet  production  up  to  the  appearance  of  the  terminal  spikelet  and  differences  occurred 
only  In  the  duration  of  spikelet  production. 

Willey  and  Holliday  (1971)  found  similarities  between  the  development  of 
barley  and  wheat,  while  Paleg  and  Aspinall  (1966)  stressed  that  in  barley  the  further 
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development  of  spikelet  initials  and  differentiation  of  floral  organs  was  influenced  by 
the  photoperiod  regime.  They  correlated  changes  in  primordium  production  and  the 
cessation  of  apical  meristematic  activity  with  the  progress  of  the  differentiating  ear, 
while  cessation  of  primordium  production  occurred  at  the  stage  of  stamen  initiation 
in  the  central  spikelets.  Further  evidence  of  the  photoperiodic  sensitivity  of  barley 
in  controlling  spikelet  number  was  shown  by  Tingle  et  al.  in  1970. 

On  many  occasions  it  has  been  discovered  that  in  barley  and  wheat  there 
was  often  a  reduction  in  the  number  of  fertile  spikelets  from  the  number  of  primordia 
initiated.  Rawson  (1971)  linked  fertility  toward  the  tip  of  the  ear  with  the  establish¬ 
ment  of  many  spikelet  primordia  before  the  appearance  of  glume  initials  and  with 
the  concurrent  development  of  spikelets.  Paleg  and  Aspinall  (1966)  and  Kirby  (1974) 
linked  the  failure  of  these  florets  to  develop  with  the  competition  for  assimilates, 
ultimately  controlled  by  the  available  supply  of  carbohydrates. 

In  summation,  the  potential  for  grain  yield,  as  expressed  by  the  number  of 
grains  per  ear,  is  affected  by  the  light  environment  of  the  shoot  at  any  stage  before 
ear  emergence  and  is  therefore  a  function  of  the  latitude  of  the  planting  site,  the 
date  of  planting,  and  the  photoperiodic  sensitivity  of  the  variety  sown  (Puckridge, 
1968,  with  wheat;  and  Paleg  and  Aspinall,  1966,  with  barley), 
iii.  Kernel  Weight. 

The  third  and  final  component  of  yield,  weight  of  the  grain,  in  many 
cases  has  a  high  correlation  with  yield,  and,  in  others,  a  low  relationship.  It  is 
during  this  final  period,  anthesis  to  maturity,  that  the  accumulation  of  carbohydrates 
occurs  to  produce  the  final  grain  weight.  Mass  and  Reiser  (1975)  found  that  the  rate 


I-  Vi 


io  vtr..>^r  lo  vH  fo  5  WTS-t-otHnl  1®h»:w  10 

»rii  b«o-oci1»»'0«Tq  iTuti^^wwiI  ip  n>  a«trli>nej  varfT  .»o’'e9i  tM 

'  »rfl  usigcH  -W-"  V/.o.fT.*r^^ 

po.'e'iJo;  (lemote  10  syU-  •iH  1o  bonyooo  nSitoUboKi  mui^’orniKi  lo  neitujfoo  *tiHw 
y»lit>d  Jo  \itvJ»vma!  s^Sjoiiae-Morip  orli  tc  asrioSpivo  »<»i  nl 

.(yi^\  hi  Ac  U  j  V<J  rmotk  ^ow  w«iim  « 
fcijHdt  toart^  bnu  b®*avu-52  ’•'x*  t‘  «<o^Kb=o  nO  .. 

^v- 

atbwnl-w?  ^o  ladmv/n  ar|<  'r.:^vi  rlab'^ir.iv-  'ailim-l'^Or  :i;c'(t»un  al  nfjHawfcjevo 

Tc/i  ♦  pA  biowoi  \ii*{t  »oi  (i  '^f)  noawoit  *batoitlnr 

Mi  j<  Lob  «»o*tJr.*  ‘-'ronw&qqp  sH*  oVb:i^t,JKi  >ojxri  W  loam 

boo  ilon-  ^  bn:-  gsriM  tiioK^o'o^sb  fn«i»,afJO»  af^t 

itA  arit  i.*- iw  xjjpili/Vfib  c  anvtir’  bi>;«rtM 

^Idibliovli  3*^1  OTf *'*«.:>  y^Sitwnitlu 

'  ,  ^  1  99 

-  J'  V  J  „  , 

^  K^amon  a/<1  yd  w  wx)^  vl?  ir.iL'BV'Cj  tffoffo»omu<  m  ' 

o-:.*f>4  ^(oc  fo  itxHf  Nf^  lt,;,r^vjtrv(jd  togJI  vb  yp  b^  ‘'>virTt>  li  *v>e  wp  co^oi^ 

■h  ., 

ai<l  ,ar'«  gr/jbtDls  arlt  to  Bbi*rtt0f  a  'M  lo  o  at  «»  -^o 

'V 

% 

,'.eiv.Nd>u<0  nwof  y^'ir-  V  ificw  jTb  •^,<ApHr,  b  r,  ^igoHnot^  1c  ®fob 

i.  ^  \ 

.(vt<trK;>r»  ;  -/to  ^i^Il^i  fc.’.u  .Kvad'OI  I'ta, 

»  ■  «• 

.tw^laW  Unm^  Jfi 

'  <« 

ywf  fit  ,nir*ife  ®rH  >c  1tcJ>w  ^bUly  ^  4  tg^f>0(fl^•too  ipniV^TT  b»if*1  olT 
9i  tf  .5j‘*.LtJ*»p»1'.’^,i  wrti  o  'A  Sho  .bUtijjMtr.f.^ -viols iipn  b  Awi  aaioo 


f 


»5vtp?b^ffe<<*ao  ^o  fKjiio^w  'uo^v  "i<lt  tcf+i  nutop^  vxnw'Iwo*^  .l*b  g<!*iob 

atoi  :*i4t  icrf  ^notd  tutifS  bop  jttJVt  .h-g  ew  oio'tQ  )L»i**^>  '‘41  hcya  d  ^looso 


25 


of  filling  in  spring  wheat  appeared  to  be  a  more  important  factor  to  grain  weight, 
while  the  length  of  the  filling  period  was  not.  However,  Kirby  (1974)  concluded 
that  varietal  differences  in  the  accumulation  of  ear  dry  matter  in  spring  wheat  were 
mainly  in  the  duration  of  the  filling  period,  and  not  in  the  initial  size  or  rate  of 
filling.  He  suggested  that  duration  of  the  period  of  ovary  formation  could  determine 
the  potential  size  of  the  grain.  Also  important  in  the  development  of  the  grain  after 
anthesis  is  the  production  of  photosynthates  as  influenced  by  temperature  and 
duration  of  light,  since  most  of  the  carbohydrates  available  for  grain  filling  are 
formed  after  heading  (Mass  and  Reiser,  1975;  Ford  and  Thorne,  1975). 

Kirby  (1974)  found  that  the  distribution  of  weight  of  individual  grains 
within  the  ear  was  determined  during  this  period,  and  was  probably  due  to  a  limited 
supply  of  nutrients  to  support  potential  growth  of  all  the  florets.  In  addition,  Paleg 
and  Aspinall  (1966)  demonstrated  that  there  was  photoperiodic  sensitivity  present 
in  barley  in  the  later  stages  of  development,  including  the  grain-filling  period. 

Wardlaw  (1970)  made  a  more  detailed  study  of  the  development  of  the 
grain  by  examining  the  effects  of  temperature  and  light  during  two  periods  after 
anthesis  in  wheat.  He  found  that  high  temperatures  during  the  first  ten  days  immedi¬ 
ately  after  anthesis  affected  yield  by  causing  a  reduction  in  seed  set,  which  was 
partially  compensated  for  by  increased  grain  size.  However,  high  temperatures  during 
the  stage  of  starch  deposition  (15-25  days  after  anthesis)  had  a  greater  effect  and 
reduced  the  weight  of  individual  grains. 

Walpole  and  Morgan  (1971)  discovered  that  the  grain  weight  of  barley 
increased  almost  linearly  for  4  to  5  weeks  after  anthesis,  after  which  there  was  a  loss 
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short!/  before  the  ear  reached  maturity.  He  found  that  this  filling  period  consisted 
of  three  distinct  phases  characterized  by: 

1.  The  accumulation  of  more  dry  matter  per  grain  in 
the  central  region  of  the  ear; 

2.  The  lower  region  of  the  ear  putting  on  more  weight 
than  the  others; 

3.  The  loss  of  dry  weight. 

In  the  first  phase  barley  and  wheat  showed  similar  development,  but  In  the 
second  phase  the  wheat  grains  In  midear  retained  the  advantage  they  showed  in 
phase  1,  while  in  barley  they  lost  It  to  the  basal  grains.  It  was  shown  that  different 
barley  varieties  can  have  identical  yielding  ability  and  yet  behave  differently  in 
each  of  these  three  phases.  Walpole  and  Morgan  (1971)  concluded  that  the  characters 
most  important  to  a  high  yielding  variety  were  a  long  period  from  anthesis  to  senes¬ 
cence,  a  high  Initial  rate  of  grain  growth,  low  grain  respiratory  requirements,  and 
a  coincidence  of  grain  maturity  and  its  decrease  In  respiratory  demands  with  the 
cessation  of  assimilate  availability. 

Debate  now  centers  on  whether  the  yield  of  a  cereal  is  limited  by  its 
source  (carbohydrate  supply)  or  its  sink  (capacity  of  the  ear  to  accumulate  carbo¬ 
hydrates).  Willey  and  Dent  (1969)  suggested  that  grain  yield  should  be  regarded  as 
being  determined  neither  by  carbohydrate  supply  nor  by  ear  capacity  but  by  the 
resultant  of  the  two.  According  to  Ford  and  Thorne  (1975),  grain  yield  Is  usually 
controlled  by  both  source  and  sink,  but  one  or  the  other  can  predominate  In  a  par¬ 
ticular  situation.  When  temperature  and  sunshine  affect  yield  before  anthesis  they 
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acf  on  the  number  of  grains  (sink)  rather  than  on  the  photosynthetic  system.  Crops 
after  anthesis  are  more  susceptible  to  environment  (daylight  and  temperature)  which 
acts  mainly  on  the  production  of  carbohydrate  for  grain  filling  rather  than  on  the 
sink  capacity  of  the  grain.  Therefore,  to  increase  yield  it  should  be  possible  to 
genetically  change  the  number  of  grains  in  the  head  by  lengthening  the  period 
before  anthesis,  but  this  must  be  done  without  shortening  the  period  of  carbohydrate 
accumulation  after  anthesis  (Thorne  et  al. ,  1968). 

VI.  LODGING 

As  lodging  in  cereals  can  play  a  significant  part  in  affecting  the  yield, 
thus  lowering  productivity  as  well  as  creating  mechanical  problems  in  harvesting, 
there  has  been  fairly  continuous  research  into  the  causes  and  effects  of  this  pheno¬ 
menon.  Laude  and  Pauli  (1956)  showed  that  lodging  in  winter  wheat  affected  the 
yield  in  different  ways  before  and  after  heading.  The  major  effect  on  yield  by 
lodging  that  occurred  up  to  and  including  heading  time  was  created  by  a  decrease 
in  the  number  of  kernels  per  head.  If  lodging  occurred  one  week  or  more  after 
heading,  it  was  the  size  of  the  kernel  that  was  dominantly  affected.  It  was  also 
found  that  the  greatest  effect  on  kernel  size  occurred  11  to  15  days  after  heading. 

Any  further  lodging  after  this  had  a  lesser  effect  on  yield.  These  results  were  partially 
supported  by  Day  (1957)  who  found  that  lodging  after  heading  time  created  losses  in 
test  weight  and  seed  weight  of  barley. 

Since  it  became  evident  that  early  lodging  (before  heading)  had  such  an 
important  effect  on  yield,  investigations  began  to  uncover  the  probable  reasons  for 
this  behavior.  Gardener  and  Rathjen  (1975)  showed  that  juvenile  lodging  in  barley. 
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which  occurred  before  stem  elongation,  affected  the  number  of  ears  per  plot  and  the 
number  of  seeds  per  ear.  However,  they  found  that  a  lower  seed  number  created  at 
this  stage  did  not  always  affect  the  final  yield  as  it  was  often  compensated  for  by  a 
higher  grain  weight.  Cooper  (1971)  also  found  this  effect  on  the  yield  of  soybean 
when  he  showed  that  early  lodging  stimulated  terminal  growth  and  exessive  branching 
at  the  expense  of  seed  set. 

There  is  a  general  consensus  in  the  literature  that  the  greatest  yield  losses 
from  lodging  (apart  from  mechanical  losses  from  shattering  and  difficulty  in  harves¬ 
ting)  are  due  to  changes  in  the  canopy.  Even  with  Juvenile  lodging  in  varieties 
that  later  recovered,  light  relationships  in  the  canopy,  along  with  ventilation, 
evaporation,  and  temperature  were  drastically  (and  often  permanently)  changed 
(Gardener  and  Rathjen,  1975).  Increased  shading  led  to  a  decreased  light  distri¬ 
bution  over  total  leaf  area,  thus  restricting  the  capacity  of  lodged  plants  to  absorb 
nutrients  or  to  synthesize  materials  and  store  them  in  the  grain  (Laude  and  Pauli, 

1956;  and  Cooper,  1971).  Also  important  is  the  fact  that  lodging  may  stimulate  in¬ 
creased  vegetative  growth  at  the  expense  of  seed  set  (Luellen,  1970).  With  lodging 
that  occurred  after  heading,  yield  reductions  were  probably  the  effect  of  a  decrease 
in  translocation  from  the  leaves  to  the  head,  particularly  if  stalk  break  occurred 
(Larson  and  Maranvil  le,  1977). 

Three  different  approaches  towards  quantifying  lodging  will  give  an  idea 
of  the  complex  interactions  involved  in  lodging  resistance.  In  1934  Brady  showed 
by  physical  observation  that  lodging  resistance  in  oats  could  be  due  to  shorter, 
lower  internodes,  thicker  internodes,  and  thicker  culm  walls.  Neenan  and  Spencer- 
Smith  (1975)  tackled  the  character  as  an  engineering  problem  and  derived  a  formula 
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to  describe  lodging  resistance.  They  showed  that  structural  failure  (lodging)  resulted 
from  stem  buckling  rather  than  a  loss  of  anchorage,  for  root  failure  is  extremely  un¬ 
likely  unless  soil  conditions  are  such  that  the  plant  cannot  be  supported.  Therefore 
the  resistance  to  bending  of  the  straw  is  determined  by  two  factors:  1)  Young's 
modulus,  which  is  a  co-efficient  of  rigidity  that  can  be  directly  affected  by  the 
wetness  of  the  straw,  the  maturity  of  the  straw,  and  by  the  variety;  2)  the  outer 
diameter  of  the  straw.  Also  found  to  be  of  importance  was  the  amount  of  taper  in 
the  straw. 

Another  approach  towards  quantifying  lodging  resistance  is  chemical. 
Debate  exists  on  whether  the  amount  of  potassium  present  in  the  stalk  is  important 
in  determining  resistance  (Esechie  et  al.,  1977).  Also  under  investigation  is  the  total 
amount  of  non-structural  carbohydrates  and  protein  concentrations  in  the  stem.  How¬ 
ever,  the  authors  showed  that  lodging  resistant  varieties  were  generally  more  resis¬ 
tant  to  post-freeze  senescence  and  therefore  later  maturing. 
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MATERIALS  AND  METHODS 

Thirty-two  lines  of  six-row  barley  (Hordeum  vulgore  L. )  were  selected 
from  the  World  Barley  Collection  at  Aberdeen,  Idaho,  for  their  variability  in  growth 
pattern  in  time  taken  to  mature.  For  the  purpose  of  this  study  these  lines  were  sub¬ 
sequently  grown  during  a  period  of  three  years.  The  first  year's  material  was  grown 
in  the  growth  chamber  at  Agriculture  Canada  Experimental  Station,  Beaverlodge, 
Alberta,  by  D.  G.  Paris,  in  the  winter  of  1971-72.  In  the  summers  of  1973  and 
1974  the  material  was  grown  in  replicated  field  trials  at  the  Edmonton  Research 
Station,  University  of  Alberta. 

The  lines  in  the  1971-72  test  were  grown  in  vermiculite  with  a  modified 
Hoagland's  solution  (half  strength).  Five  seeds  of  each  line  were  planted,  two 
lines  to  a  box.  The  material  was  seeded  November  25,  1971,  and  grown  at  a  con¬ 
stant  temperature  of  21°C.  Eighteen  hours  of  light  were  provided  daily  to  reduce 
sterility,  and  the  boxes  were  regularly  rotated  on  the  benches  to  minimize  positional 
effects  in  the  growthroom.  The  seed  obtained  from  this  material  was  harvested 
separately  from  each  plant,  thus  establishing  thirty-two  families  with  up  to  five 
lines  within  each  family.  In  1973,  each  line  was  planted  by  hand  with  30  seeds  per 
row  in  rows  1.2  meters  in  length  and  23  cm  apart  for  as  many  replicates  (ranging 
from  1  to  3  as  available  seed  permitted. 

In  1974  the  lines  were  grown  in  4-row  plots  5  meters  long  with  rows  23 
cm  apart.  The  center  two  rows  of  each  plot  were  harvested.  This  design  was  a  ran¬ 
domized  block  with  two  replicates.  In  the  field  trials  of  1973  and  1974  extra  control 
varieties,  listed  in  Appendix  II,  were  added  to  the  test.  Date  of  seeding  in  1973 
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was  May  14,  and  in  1974,  May  18,  Notes  were  taken  on  the  dates  of  emergence. 
Internode  elongation,  heading,  and  maturity  (as  described  in  Appendix  111),  as  well 
as  height,  head  length  and  yield  for  all  three  years.  Growth  periods  were  calculated 
from  these  notes  to  produce,  along  with  additional  observations  taken  in  the  field,  the 
variables  listed  In  Table  I.  For  simplicity,  these  growth  periods  were  designated 
under  alphabetical  names  as  indicated  in  Table  I.  Also,  in  1974,  daily  observations 
on  meteorological  conditions  were  taken. 

Because  of  limitations  on  the  amount  of  seed  produced  in  1973,  bushel 
weights  were  measured  using  the  A.  S.  B.  C.  *  approved  method,  whereby  the  volume 
of  110  grams  of  seed  was  measured  and  transformed  to  bushel  weight  using  the  appro¬ 
priate  scale.  About  one-third  of  the  samples  produced  a  yield  of  under  110  grams, 
thereby  preventing  the  use  of  this  method  of  estimate.  The  following  experiment  was 
performed  to  find  a  method  suitable  for  estimating  bushel  weight  for  these  small 
samples:  Samples  of  25,  50,  75  and  110  grams  were  taken  from  each  of  14  licensed 
cultivars  of  known  bushel  weight.  The  volume  of  each  one  of  these  samples  was 
measured  in  ml.  These  volumes  were  then  plotted  against  the  bushel  weight  of  each 
variety  for  each  sample  weight,  producing  a  curve  for  each  sample  weight.  Since 
the  volume  from  the  small  samples  of  low  yielding  lines  was  recorded,  it  was  possible 
to  make  an  extrapolation  on  these  curves  and  to  provide  a  reasonable  estimate  of 
bushel  weight.  Bushel  weights  for  both  years  were  then  transformed  into  mstric  test 
weights. 
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TABLE  I.  Variables  Studied  in  Each  Year 

Variables  Year  Studied 


1. 

Days  from  Seeding  to  Emergence  (A) 

1972 

★ 

1973 

★ 

1974 

★ 

2. 

Days  from  Emergence  to  Intemode  Elongation  (B) 

* 

•k 

* 

3. 

Days  from  Intemode  Elongation  to  Heoding  (C) 

it 

it 

★ 

4. 

Days  from  Heading  to  Ripe  (D) 

* 

it 

★ 

5. 

Days  from  Seeding  to  Internode  Elongation  (A  +  B) 

* 

★ 

★ 

6. 

Days  from  Emergence  to  Heading  (B  +  C) 

* 

★ 

* 

7. 

Days  from  Internode  Elongation  to  Ripe  (C  +  D) 

* 

★ 

★ 

8. 

Days  from  Seeding  to  Heoding  (A  +  B  +  C) 

★ 

★ 

★ 

9, 

Days  from  Emergence  to  Ripe  (B  +  C  +  D) 

★ 

* 

★ 

10. 

Doys  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 

★ 

it 

★ 

n. 

Combination  of  Periods  (A  +  C) 

★ 

★ 

★ 

12. 

Combination  of  Periods  (A  +  D) 

★ 

★ 

★ 

13. 

Combination  of  Periods  (B  +  D) 

★ 

★ 

* 

14. 

Combination  of  Periods  (A  +  B  +  D) 

★ 

★ 

★ 

15. 

Combination  of  Periods  (A  +  C  +  D) 

★ 

★ 

★ 

16. 

Yield  (grams) 

/plant 

/1.2m 

/ 4  row 

17. 

Height  (cm) 

* 

row 

★ 

5  m  plot 

★ 

18. 

Head  length  (cm) 

it 

★ 

* 

19. 

No.  plants/1.2  meter  row 

★ 

★ 

20. 

No.  heads/1.2  meter  row 

it 

* 

21. 

No.  secondary  tillers/1.2  meter  row 

* 

* 

22. 

1CX)0  Kernel  weight  (gm) 

★ 

★ 

23. 

Test  weight  (converted  to  kg/hl) 

* 

★ 

24. 

Plant  habit  at  IE  on  a  scale  of  1  (erect)  to  5  (prone) 

★ 

★ 

25. 

Lodging  date  1  on  a  scale  of  1  (no  lodging)  to  9  (total  lodgir 

9)  * 

★ 

26. 

Lodging  date  2  "  "  " 

II 

★ 

★ 

27. 

Lodging  date  3  "  "  " 

II 

★ 

★ 

28. 

Lodging  date  4  "  "  " 

II 

★ 

★ 

29. 

Lodging  date  5  "  "  " 

II 

★ 

★ 

30. 

Lodging  dote  6  "  "  " 

II 

★ 

31. 

Lodging  date  7  "  " 

II 

★ 

32. 

Lodging  dote  8  "  "  " 

II 

* 

N.  B-  Lodging  notes  were  taken  on  a  series  of  sequential  dates. 
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Statistical  Analysis 

Prel  iminary  analysis  of  results  for  each  year  indicate  differences  between 
results  shown  by  lines  of  the  same  family,  thus  showing  that  seed  thought  to  be  identi¬ 
cal  within  a  family  showed  variation  that  could  only  be  attributable  to  genetic  dif¬ 
ferences.  The  origin  of  these  genetic  differences  can  probably  be  attributed  to  lack 
of  homozygosity  or  purity  in  the  lines  originally  obtained  from  the  World  Collection. 
This  suspicion  was  confirmed  by  the  application  of  a  Duncan's  Multiple  Range  Test 
on  line  means  of  the  1974  data.  Here  the  lines  causing  discrepancies  were  identified 
as  significantly  different  from  their  family  mean. 

Because  of  these  differences,  analysis  was  then  performed  on  the  means  of 
the  lines,  rather  than  grouping  them  into  families.  Each  line  was  then  treated  as  an 
independent  sample,  thus  bringing  the  total  number  of  lines  to  144,  in  addition  to  the 
checks.  As  there  was  a  variable  number  of  replicates  in  1973,  analyses  were  performed 
only  on  means  of  the  replicates  for  each  line  in  1973  and  1974,  respectively. 

Analyses  in  all  three  years  included  simple  correlations  for  all  variables, 
a  factor  analysis  on  these  correlations,  and  various  stepwise  multiple  regressions.  These 
analyses  were  conducted  to  determine  the  relationships  among  the  variables,  and  to 
give  an  indication  of  what  associations  and  dependencies  might  exist.  Also  included 
in  1974  was  an  analysis  of  variance,  performed  upon  the  two  replicates  with  169 
samples.  From  this,  broad  sense  heritabilities  and  a  Duncan's  Multiple  Range  Test 
on  the  means  of  the  two  replicates  were  calculated. 

i.  Simple  correlations:  The  simple  correlation  coefficient  was  calculated  between 
n  variables  for  the  sample  means  of  each  of  the  three  sets  of  data,  giving  a  n  x  n 
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mafrix  of  correlations  for  each  year.  Correlations  for  each  variable  were  also 
calculated  among  the  three  sets  of  data. 

ii.  Factor  analysis:  The  three  matrices  of  intercorrelated  n  variables  of  N 
lines  [made  of  all  possible  l/2n(n-l)  pairings  of  variables]  were  then  tested  by 
the  use  of  factor  analysis.  Here/  each  correlation  matrix  was  transformed  into  an 
n  X  k  factor  matrix/  forming  a  principal  component  matrix  described  as: 

Zj  =  OjiFx  +  OjsFa  +  .  .  .  Oj^F^ 

where  Zj  =  variable  j  in  standardized  form 

Fi  =  hypothetical  factors  (Fi/  Fg/  .  .  .  Fp) 

Oji  =  standardized  multiple-regression  coefficient 
of  variable  \  on  factor  i  (factor  loading) 

Here/  each  of  the  n  observed  variables  was  described  linearly  In  terms  of 
n  new  uncorrelated  components  Fi,  Fg/  .  .  .  F^;  each  of  these  is  in  turn  defined 
as  a  linear  combination  of  the  n  original  variables. 

The  principal  component  model  can  be  described  as  transforming  a  given 
set  of  variables  into  a  new  set  of  composite  variables  that  are  orthogonal  to  each 
other.  It  forms  the  best  linear  combinations  of  variables  in  the  sense  that  the  par¬ 
ticular  combination  of  variables  would  account  for  more  of  the  variance  in  the  data 
as  a  whole  than  any  other  combination  of  variables. 

The  total  variance  of  a  variable  accounted  for  by  the  combination  of  all 
common  factors/  designated  hj^/  gave  the  communality  of  the  variables. 


^  r 


•  ...7  w 


■ftr'c  *1»*  -b«i  -.01  jr,o!tol5i«i3  '<a'»  'O^  »o*>:  I 

.-'A.  '  ;  . 

^  t>  js'Jcs-ttA  ri  b--t'l  >fle<»>-1>ii''»o  jJVy^wVj  vitoc  i  .H  ^ 

^  b.t»(  r.b^l  s'sw  fi-.<i«><wv  V>;,e'’M»q  ““'’'  - 

'  -  x  «ii»M  ijivlofit  w  4>t\* 'dfH 

n;>  Uiri:  r>»nuc;^:.'  iotrii>’// Kt  ffDifl  f»€i.1ott-p93  ^V»>9  \»^'  ^ 


:*»>  IfKM’o^m'JS  li«)is.',rq  D  6ti'»''o:  .vci-str-moXssrt  x  ^  * 

-  V  . 

■v 


c  nt  ’  *  ,*  *  !  ■ 

•.X ' 


rnvoi  b5r:*bitjbno1i  h'  i  ^  |5  »^9Hw 


;  j  M 


r-' 


I  ^ 

.  .  vs’  V^)  nojic' 

■n  c ,  *• . 


-  .=1 


■  .  •--♦  t 

(9<iibool  loxjo^)  .1  '■‘-'♦-  X'’ 


.ji!r>£ 

I  ’  p'Tl 


W  rt  vlii>a<tH  iDw^sMoiiov  b  .v  ftio  r*  V’  ^ 

tpplyvs?  p  vwlx  W.  Pobi;nidroCfit  v-Mrtil  P  ^ 

•j  ^  ~  - 

n»vie  o  8,',<r.w»!.'p:-st  tc  Sti  <-«i  '»bw  Ui|  ,, 

ftsc*  Pt.nwpflori  10  *10  ,»l<3»br'/  9l's«vr>05  ^  ipz  War*  o  otm  zsixiovvpv  te  19» 

'  V 

--yxj  5»?f?  tD«ft  9ir^i  rxWfc^s/'4  eriq>«Qi3itr^-3  j4l^c^  fi  >^^*0 

'  '.  \  X  *  , 

oM,  !»ri:  m  H  ,ifn)ci:^D  b;..»c;'A  wMi 

f>'/;t^iKiicrA03  i^ljp  SP^  nC'd^  •^^Jofiw  o  ^o 

•■  ,  -  !»  >  ■  ^  ' 

•  -  '  ‘  x*? 

ho  >c  r>ori®'»r<imc^  aM  vd  ’55^  boi  ii  al4bhov  t  ^  IpK-r-  r ir7  .  _ 

M  ...  *  AX.  Ji 

.ts^idrrw'V  0x’h  ^  »n1  ^  jri  b9ic3n9h*?r  »<icv^oot  rH^t^fnoo 


I  .( 


.  4  • 

s 


>?u- 


iit  - 


vV 


>.'  . 


•■  • :  i.  vi  '  i^jsr 


35 


The  principal  factor  matrix  was  then  subjected  to  a  varimax  rotation 
which  simplified  the  columns  of  a  factor  matrix  in  order  to  maximize  the  variance 
of  the  squared  loadings  in  each  column  (SPSS,  1976;  Cattell,  1965). 

iii.  Multiple  Regressions:  Data  for  each  year  were  tested  by  various  stepwise 
multiple  regressions  in  order  to  find  the  amount  of  dependency  yield  had  on  the  other 
variables.  Variable  Y  (yield)  was  regressed  on  variables  Xi,  Xs ,  X3,  .  .  .  Xp/ 
with  various  combinations  of  these  being  taken  to  obtain  a  minimum  of  unexplained 
residual  variance  in  terms  of  the  smallest  number  of  independent  variables.  This  was 
done  by  dropping  any  potential  independent  variables  that  did  not  remove  a  significant 
independent  portion  of  the  variation  (Sokal  and  Rolf,  1969).  R^  values  giving  an 
indication  of  the  amount  of  variation  accounted  for  by  the  equation  were  also  cal¬ 
culated. 

iv.  Analysis  of  variance:  For  the  1974  test  a  complete  randomized  block  design 
with  2  replicates  and  169  treatments  was  used  in  the  Analysis  of  Variance  for  each 
variable,  as  described  below: 

Source  of  Variation  df.  Mean  Square  is  an  Estimate  of: 
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Here  the  treatment  x  replicate  interaction  was  used  as  the  error  term, 
thus  accounting  for  genotype  x  environment  interactions.  From  these  results  it  was 
possible  to  arrive  at  an  estimate  of  Broad  Sense  Heritabilities  for  each  variable, 
using  the  method  described  by  Steel  and  Torrie  (1960)  for  the  partitioning  of  mean 
squares.  Here,  mean  squares  were  partitioned  to  give  an  estimate  of  di  or  the  variance 
attributed  to  genetic  differences  within  a  population;  which  was  the  variance  at¬ 
tributed  to  environmental  differences  within  a  population,  and  d^  which  was  the 
variance  due  to  replicate  differences  within  a  population.  Broad  Sense  Heriabilities 
were  then  calculated  using  the  formula; 


+  a 

As  a  final  test,  means  of  the  two  replicates  were  compared  for  each 
variable  as  mentioned  above,  in  a  Duncan's  Multiple  Range  Test,  using  the  method 
described  in  Steel  and  Torrie,  1960. 
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RESULTS 

I.  COMPARISON  OF  MEANS  OF  LINES  AS  A  TEST  OF  WITHIN  FAMILY 
HOMOGENEITY 

A  Duncan's  Multiple  Range  Test  was  performed  on  the  means  of  17  of 
the  characters  in  the  1974  material  to  check  for  possible  lack  of  homogeneity  with¬ 
in  each  of  the  thirty-two  families.  Results  (Table  II)  indicated  that  there  were  signi¬ 
ficant  difference  within  twenty  of  the  families  for  one  or  more  characters/  thus 
showing  a  lack  of  homogeneity  in  these  families. 

Where  growth  stages  were  involved,  in  most  cases  it  was  the  same  line 
(Table  III)  that  repeatedly  showed  differences  within  a  family.  These  lines  showed 
differences  at  different  stages  of  growth.  In  some  of  the  later  stages  the  effect  ap¬ 
peared  to  be  additive.  That  is,  the  differences  were  not  significant  in  an  individual 
growth  phase,  but  with  two  or  more  phases  combined  the  differences  became  signi¬ 
ficant. 

There  is  a  marked  difference  between  those  families  showing  heterogeneity 
in  growth  stages,  and  those  showing  heterogeneity  in  morphological  characters 
(Table  III).  Also,  in  the  latter  cases,  there  are  few  lines  in  common.  One  excep¬ 
tion  is  family  13  which  shows  significant  differences  in  both  head  length  and  yield. 

An  interesting  exception  to  the  above  is  family  39,  which  is  hetero¬ 
geneous  in  the  largest  number  of  characters.  Differences  are  shown  in  most  of  the 
growth  stages  with  line  39-4  having  longer  growth  periods  after  internode  elongation 
(C  and  D)  than  39-3;  as  well  as  in  1000  kernel  weight,  where  39-3  shows  a 
significantly  greater  mean  of  10  grams. 
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TABLE  II.  Families  Showing  Significant  Differences  at  the  Five  Percent 
Level  in  Duncan's  Multiple  Range  Test  (1974  Data) 
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Family  Number 


No.  of  Non-homogeneous 
Characters 


4  4 

7  1 

8  1 

9  3 

13  3 

14  3 

19  1 

26  1 

27  1 

29  1 

31  1 

32  3 

34  1 

39  8 

41  1 

44  3 

46  1 

49  1 

52  3 

54  1 


Families  1,  3,  5,  6,  10,  15,  18,  30,  38,  47  and  53  showed  homogeneity 
for  all  characters  tested,  out  of  a  total  of  32  families. 
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TABLE  III.  Table  of  Lines  that  show  Non-homogeneity  for  each  Character 

(1974  Data) 


Character 

Line  Number 

1. 

Days  from  Seeding  to  Emergence 

- 

2. 

Days  from  Emergence  to  1.  E. 

07-4,  52-5 

3. 

Days  from  I.E.  to  Heading 

08-5,  09-3,  14-1,  39.^, 

44-1 

4. 

Days  from  Heading  to  Ripe 

/3 

04-3,  04-4,  39 
^^4 

5. 

Days  from  Seeding  to  I.E. 

6. 

Days  from  Seeding  to  Heading 

09-3,  14-1,  32-4,  39;  , 

N 

52-3 

44-1,  44-4, 

7. 

Days  from  Seeding  to  Ripe 

04-3,  04-4,  39, 

8. 

Days  from  Emergence  to  Heading 

^3 

09-3,  14-1,  32-4,  39^  , 

4 

44-1,  52-3 

9. 

Days  from  Emergence  to  Ripe 

04-3,  04-4,  32-3,  39. 

N 

10. 

Days  from  I.E.  to  Ripe 

/3 

04-3,  04-4,  39s^^ 

11. 

Yield 

13-1,  13-4,  19-1,  41-3 

12. 

1000  Kernel  Weight 

34-3,  39.  ,  49-3 

13. 

Test  Weight 

- 

14. 

Head  Length 

13-1,  31-2 

15. 

Height 

07-4,  26-3,  46-3,  54-5 

16. 

Lodging,  Date  3 

13-3,  27-5,  29-4 

17. 

Lodging,  Date  8 
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II.  VARIABILITY  OF  CHARACTERS 
i.  Range/  MeanS/  and  Variance 

Tables  IV/  V/  and  VI  give  the  ranges  shown  by  the  characters  and 
their  means  and  variances  over  the  three  years.  There  are  large  differences 
between  the  ranges  in  the  growthroom  material  (Table  IV)  and  those  of  the  field 
years  1973  (Table  V)  and  1974  (Table  VI).  Period  A  shows  a  similar  range  of 
6  and  5.4  days  in  the  growthroom  and  1973  material/  but  dropped  to  2  days  in  1974. 
Means  for  days  to  emerge  were  similar  for  the  three  years  and/  in  all  cases/  the 
variances  for  this  period  were  extremely  low. 

The  range  covered  by  period  B  dropped  from  25  days  in  the  growthroom 
to  19.5  and  6.0  days/  respectively/  in  the  two  years  of  field  material.  Mean  number 
of  days  covered  by  period  B  were  similar  in  the  growthroom  and  1974  material/  but 
increased  to  31.3  in  1973.  The  highest  variance  for  period  B  was  25  for  the  growth- 
room  material/  followed  by  the  lower  values  of  10.2  in  1973  and  1.8  in  1974.  The 
range  of  days  covered  by  period  C  showed  a  similar  pattern  of  29  days  in  the  growth- 
room/  19  days  in  1973/  and  22.5  days  in  1974.  Means  for  this  period  were  27.7, 

12.5  and  24.4  days  respectively/  and  variances  were  60.  1/  24.4  and  26.4. 

Period  D  showed  the  greatest  differences  in  range  with  42  days  in  the 
growthroom  and  12.7  and  18.0  days  respectively  in  1973  and  1974.  Means  for  this 
period  were  48.  9,  46.  4  and  44.  8  days.  The  growthroom  data  again  shows  the 
largest  variance  of  116.  1  followed  by  a  dramatic  drop  in  the  field  material  with 
variances  of  9.8  in  1973  and  13.5  in  1974.  Of  interest  is  the  similar  large  range 
taken  by  the  total  time  from  seeding  to  maturity  in  the  growthroom/  decreasing 
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TABLE  IV.  Range,  Means  and  Variance  of  Growth  Periods,  Height  and 

Head  Length  in  1971/72 


Variable 

Minimum 

Maximum 

Mean 

Variance 

Days  from  Seeding  to  Emergence  (A) 

7.0 

13.0 

8.5 

0.8 

Days  from  Seeding  fo  Infernode  Elongation 
(A+  B) 

21.0 

47.0 

29.3 

25.6 

Days  from  Seeding  to  Heading  (A  +  B  +  C) 

44.0 

84.0 

56.9 

115.4 

Days  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 

80.0 

141.0 

105.9 

186.2 

Days  from  Emergence  to  IE  (B) 

13.0 

38.0 

20.0 

25.0 

Days  from  Emergence  to  Heading  (B  +  C) 

35.0 

73.0 

48.4 

115.9 

Days  from  Emergence  to  Ripe  (B  +  C  +  D) 

71.0 

139.0 

97.3 

182.  1 

Days  from  IE  to  Heading  (C) 

18.0 

47.0 

27.7 

50.  1 

Days  from  IE  to  Ripe  (C  +  D) 

54.0 

97.0 

76.6 

119.0 

Days  from  Heading  to  Ripe  (D) 

32.0 

74.0 

48.9 

116.  1 

Height  (cm) 

78.0 

150.0 

109.0 

290.0 

Head  Length  (cm) 

4.0 

9.0 

6.5 

1.9 

Yield  (grams  per  plant) 

0.6 

19.4 

4.3 

7.2 
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TABLE  V.  Range,  Means,  and  Variance  of  Growth  Periods,  Yield  Components 

and  Lodging  in  1973  (Calculated  on  means  of  Replicates) 

Variable  Minimum  Maximum  Mean  Variance 


Days  from  Seeding  to  Emergence  (A) 

Days  from  Seeding  to  Internode  Elongation 
(A+  B) 

Days  from  Seeding  to  Heading  (A  +  B  +  C) 
Days  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 
Days  from  Emergence  to  IE  (B) 

Days  from  Emergence  to  Heading  (B  +  C) 
Days  from  Emergence  to  Ripe  (B  +  C  +  D) 
Days  from  IE  to  Heading  (C) 

Days  from  IE  to  Ripe  (C  +  D) 

Days  from  Heading  to  Ripe  (D) 

Height  (cm) 

Head  Length  (cm) 

1000  Kernel  Weight  (g) 

Test  Weight  (kg/hl) 

No.  of  Plants  per  1.2  m  sample 

No.  of  Heads  per  1.2  m  sample 

No.  of  Secondary  Tillers  per  1.2  m  sample 

Habit  at  Internode  Elongation* 

Lodging,  date  1 
Lodging,  date  2 
Lodging,  date  3 
Lodging,  date  4 
Lodging,  date  5 
Yield  (grams  per  1.2  m  sample) 


5.3 

10.7 

7.4 

0.7 

35.3 

54.7 

38.6 

9.6 

41.7 

72.3 

51. 1 

53.9 

86.0 

119.3 

97.5 

51.9 

27.5 

47.0 

31.3 

10.2 

34.0 

64.7 

43.8 

55.9 

55.2 

79.3 

90.1 

55.2 

6.0 

25.0 

12.5 

24.4 

49.3 

73.0 

58.9 

26.6 

41.0 

53.7 

46.4 

9.8 

55.0 

118.3 

92.3 

179.4 

4.0 

11.0 

6. 8 

2. 1 

21.7 

45.0 

35.4 

25.4 

38.7 

78.6 

60.9 

14.4 

16.3 

28.0 

23.3 

5.5 

40.7 

176.0 

96.0 

518.7 

0.0 

116.7 

43.1 

428.8 

1.0 

4.0 

2.7 

0.5 

1.0 

6.5 

1.7 

1. 1 

1.0 

5.0 

1.3 

0.4 

1.0 

6.0 

1.9 

1.3 

1.0 

9.0 

4.2 

2.5 

1.0 

8.0 

4.6 

3.2 

52.8 

287.7 

161.2 

2539.4 

Defined  as  leaf  and  tiller  spread  at  Internode  Elongation 
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TABLE  VI.  Range,  Means  and  Variance  of  Growth  Periods,  Yield  Components 

and  Lodging  in  1974  (Calculated  on  means  of  Replicates) 

Variable  Minimum  Maximum  AAean  Variance 


Days  from  Seeding  to  Emergence  (A) 

Days  from  Seeding  to  Internode  Elongation 
(A+  B) 

Days  from  Seeding  to  Heading  (A  +  B  +  C) 
Days  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 
Days  from  Emergence  to  IE  (B) 

Days  from  Emergence  to  Heading  (B  +  C) 
Days  from  Emergence  to  Ripe  (B  +  C  +  D) 
Days  from  IE  to  Heading  (C) 

Days  from  IE  to  Ripe  (C  +  D) 

Days  from  Heading  to  Ripe  (D) 

Height  (cm) 

Head  Length  (cm) 

1000  Kernel  Weight  (g) 

Test  Weight  (kg/hl) 

No.  of  Plants  per  1.2  m  sample 

No.  of  Heads  per  1.2  m  sample 

No.  Secondary  Tillers  per  1.2  m  sample 

Habit  at  Internode  Elongation 

Lodging,  date  1 

Lodging,  date  2 

Lodging,  date  3 

Lodging,  date  4 

Lodging,  date  5 

Lodging,  date  6 

Lodging,  date  7 

Lodging,  date  8 

Yield  (grams/plot) 


5.0 

7.0 

6.2 

0.4 

23.0 

28.5 

25.3 

1.6 

39.5 

62.0 

49.7 

31. 1 

82.0 

110.0 

94.5 

48.7 

16.0 

22.0 

19. 1 

1.8 

34.0 

56.5 

43.5 

31.8 

76.0 

104.0 

88.3 

47.9 

15.5 

38.0 

24.4 

26.4 

56.0 

84.5 

69.2 

43.4 

37.0 

55.0 

44.8 

13.5 

55.0 

117.5 

85.6 

104.4 

3.0 

9.0 

6.0 

1.0 

30.5 

51.5 

38. 1 

19.3 

48.6 

73.0 

57.7 

41.3 

21.5 

67.0 

39.6 

70.3 

66.0 

230.0 

116.2 

556.2 

0.0 

97.5 

19.0 

300.1 

1.0 

5.0 

2.8 

0.6 

1.0 

8.5 

2.0 

4.9 

1.0 

9.0 

2.0 

3. 1 

1.0 

7.0 

1.6 

1.3 

1.0 

9.0 

3.7 

4.8 

1.0 

7.5 

2.2 

2.2 

1.0 

7.5 

3.4 

2.9 

1.0 

7.0 

3.0 

2.3 

1.0 

9.0 

6.1 

2.8 

157.0 

1 374. 0 

775.0 

77445. 9 
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to  12.7  days  in  1973  and  18.0  days  in  1974.  Means  over  the  three  years  were  similar 
with  variances  dropping  from  186.2  to  51.9  and  48.7. 

Height  and  head  length  showed  fairly  consistent  ranges  over  all  three  years 
with  values  of  72,  63.3  and  62.5  for  height  and  5.0,  7.0  and  6.0  cm  for  head  length. 
Means  for  these  characters  were  109.0,  92.3  and  85.6  for  height  and  6.5,  6.8  and  6.0 
for  head  length.  Variances  for  height  remained  high  for  the  three  years  at  290.0, 

179.4,  and  104.4  cm^.  Variances  for  head  length  in  all  cases  were  low  with  values  of 
1.9,  2.  1  and  1.0  cm^,  respectively. 

Of  the  morphological  characters  studied  only  in  the  two  field  years,  the 
greatest  range  was  shown  by  the  number  of  heads  per  sample  with  values  of  135.  3  in 
1973  and  164.  0  in  1974.  Means  were  96.  0  and  1 16.  2  heads  per  sample  respectively, 
while  the  variances  were  extremely  high  for  both  years  at  518.7  and  556.2.  The  next 
highest  range  was  shown  by  the  number  of  secondary  tillers,  with  values  of  116.7  and 
97.5.  Means  of  secondary  tillers  were  much  lower,  especially  in  1974  with  43.1  tillers 
in  1973  and  19.0  tillers  in  1974.  Variances  in  this  case  were  still  extremely  high  at 
428.8  and  300.  1.  Number  of  plants  per  sample  showed  a  fairly  low  range  of  12.7  in 
1973  but  increased  to  45.5  in  1974.  Means  were  96.0  and  116.2  plants  and  variances 
were  5.5  and  70.3  respectively.  The  range  for  the  test  weight  was  higher  in  1973  at 
39.9  kg/h^  but  dropped  to  24.4  in  1974.  Means  were  similar  at  60.9  and  57.7  kg/h^  res¬ 
pectively,  while  the  variance  increased  from  14.4  in  1973  to  41.3  in  1974.  Ranges, 
means  and  variances  for  1000  kernel  weight  were  all  fairly  similar  between  the  two  years. 
Kernel  weight  showed  ranges  of  23.3  grams  in  1973  and  21.0  grams  in  1974,  means  of  35.4 
and  38.  1  grams,  and  variances  of  25.4  and  19.3  respectively.  Smallest  variance  for  the 
morphological  characters  was  Habit  (leaf  and  tiller  spread)  with  ranges  of  3  in  1973  and  4 
4  in  1974,  means  of  2.7  and  2.8  and  variances  of  0.5  and  0.6  respectively. 
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ii.  Analysis  of  Variance  (1974  Field  Material) 

Genotype  differences  were  highly  significant  (0.  00l)(Table  VII)  for  the 
growth  periods  A,  B,  C,  (B  +  C)/  and  (C  +  D)/  and  for  all  growth  stages.  Period  D 
showed  no  significant  differences  among  lines.  Replicate  differences  were  significant 
in  all  cases  except  for  days  from  seeding  to  internode  elongation  (A  +  B). 

Genotype  differences  were  highly  significant  (0.0l)(Table  VIII)  for  the  mor¬ 
phological  characters  height,  number  of  heads,  head  length,  habit,  number  of  secondary 
tillers,  kernel  weight,  test  weight  and  yield.  Number  of  plants  was  significant  only  at 
the  0.05  level.  Variation  between  replicates  was  not  so  evident  here  as  only  height, 
kernel  weight  and  yield  were  highly  significant.  Of  still  lower  significance  were  habit, 
number  of  secondary  tillers  and  test  weight  at  the  0.01  level;  and  head  length  and  num¬ 
ber  of  heads  at  the  0.  05  level.  The  number  of  plants  per  sample  was  non-significant. 

There  were  highly  significant  differences  (0.001)  In  the  amount  of  lodging 
among  genotypes  at  every  recording  (Table  IX).  Significant  differences  between  repli¬ 
cates  were  observed  on  every  occasion  with  the  exception  of  lodging  dates  1  and  6. 

iii.  Coefficients  of  Variation 

The  coefficients  of  variation  for  the  growth  periods  and  stages  (Table  X) 
ranged  from  fairly  low  (<  15%)  to  quite  high  (>25%)  over  the  three  years.  The  growth- 
room  material  generally  showed  the  largest  variation  over  the  three  years  with  the 
smallest  amount  being  shown  by  the  field  year  1974.  In  all  three  years  period  C  had 
the  highest  CV's  of  the  growth  stages  with  values  of  25.6,  39.6  and  31.8%  respect¬ 
ively.  These  values  were  much  greater  than  those  shown  by  total  time  to  head  and 
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TABLE  X.  Coefficients  of  Variation  Comparing  Growth  Stages,  Yield  Components 
and  Lodging  for  the  Three  Years,and  Broad  Sense  Heritabi lities  for 
1974  Data 


Variable 

Days  from  Seeding  to  Emergence  (A) 

Days  from  Seeding  to  Internode  Elongation 
(A  +  B) 

Days  from  Seeding  to  Heading  (A+B  +  C) 
Days  from  Seeding  to  Ripe  (A  +  B  +  C +C) 
Days  from  Emergence  to  IE  (B) 

Days  from  Emergence  to  Heading  (B  +  C) 
Days  from  Emergence  to  Ripe  (B  +  C'  +  C) 
Days  from  IE  to  Heading  (C) 

Days  from  IE  to  Ripe  (C  +  D) 

Days  from  Heading  to  Ripe  (D) 

Height 
Head  Length 
1000  Kernel  Weight 
Test  Weight 

No.  of  Plants  per  1.2  m  sample 

No.  of  Heads  per  1.2m  sample 

No.  of  Secondary  Tillers  per  1.2'm  sampis 

Habit  at  Internode  Elongation 

Lodging,  date  1 

Lodging,  date  2 

Lodging,  date  3 

Lodging,  date  4 

Lodging,  date  5 

Lodging,  date  6 

Lodging,  date  7 

Lodging,  date  8 

Yield 
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(%) 
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(%) 
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Heritabilitles 

10.7 
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17.  1 
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0.635*** 

21.1 
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total  time  to  ripe.  Lowest  of  the  CV  values  shown  in  the  growth  periods  was  period 
A  in  the  growthroom  and  period  D  in  the  field  years  1973  and  1974.  Variation 
shown  by  period  A  was  much  the  same  over  the  three  years  with  values  of  10.7,  11.4 
and  9.5%  respectively.  However,  periods  B  and  D  showed  much  higher  values  in  the 
growthroom  than  in  the  field.  Variation  for  total  time  to  ripen  (from  seeding)  fol¬ 
lowed  a  similar  pattern,  but  CV's  for  total  time  were  smaller  than  those  shown  by  com¬ 
ponent  growth  periods. 

CV's  for  the  morphological  characters  were  generally  higher  and  showed 
much  greater  variation.  Height  and  head  length  showed  similar  fairly  high  values  over 
the  three  years.  Again,  variation  in  the  field  was  less  than  in  the  growthroom.  Lowest 
CV  in  1973  was  given  by  number  of  plants  followed  closely  by  test  weight;  and  in  1974 
it  was  test  weight.  Highest  CV's  in  both  years  were  produced  by  the  number  of  secon¬ 
dary  tillers,  followed  by  habit.  Values  for  yield  were  again  highest  in  the  growthroom 
and  dropped  in  the  field,  though  all  were  extremely  high  with  CV's  of  62,  31. 3  and 
35.9%  respectively. 

CV's  for  lodging  results  were  extremely  high  for  both  field  years,  but 
generally  dropped  as  the  crop  matured, 
iv.  Broad  Sense  Heritabilities  (1974  Field  Material) 

Broad  sense  heritabilities  for  the  growth  periods  and  stages  in  1974  were  all 
highly  significant  at  the  O.OOl  level  (Table  >^with  the  exception  of  period  D  which 
had  a  non-significant  heritability  of  0.  126.  Highest  heritabilities  were  shown  by  days 
from  seeding  to  heading  (A  +  B  +  C)(0.  960)  followed  closely  by  days  from  emergence 
to  heading  (B  +  C)  (0.  952).  The  highest  of  the  individual  growth  periods  was  period  C 
with  0.  897.  Periods  A  and  B  were  lower  with  values  of  0.  620  and  0.  635. 
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Of  the  morphological  characters,  the  highest  heritability  was  shown  by 
height  with  a  value  of  0.786  followed  by  head  length  (0.679).  These  values,  together 
with  those  for  kernel  weight,  test  weight  and  number  of  secondary  tillers,  were  all 
highly  significant  at  the  0.001  level.  Lowest  heritabilities  were  given  by  number  of 
plants  (0.  133)  and  number  of  heads  (0.  144)  with  significance  at  the  0.05  level.  Yield 
had  a  highly  significant  heritability  of  0.617.  Lodging  results  at  all  dates  were  shown 
to  be  highly  heritable  (P  >  0.  001 )  with  the  results  ranging  from  0.  863  at  the  first 
lodging  to  0.308  at  the  fourth  lodging  date.  The  results  indicated  a  general  pattern  of 
decline  in  heritability  of  lodging  to  after  heading  time,  and  then  a  levelling  off  for  the 
remainder  of  the  growing  season. 

III.  ASSOCIATION  OF  VARIABLES  FOR  THE  THREE  YEARS 
i.  Simple  Correlations 

Although  some  associations  significant  to  the  0.01  level  did  occur,  the  re¬ 
lationship  between  any  two  growth  periods  and  stages  was  generally  low  (Table  XI)*. 
Period  A  showed  its  strongest  positive  associations  with  period  D  for  all  three  years, 
though  a  significant  and  negative  relationship  with  period  B  did  occur  in  the  field 
years  of  1973  and  1974.  The  highest  positive  correlations  for  any  pair  of  growth  periods 
was  that  between  periods  B  and  C,  though  in  the  growth  chamber  and  the  1973  field 
experiment.  Associations  between  periods  B  and  D  are  low  and  negative  with  signifi¬ 
cant  differences  occurring  only  in  1973.  Correlations  of  periods  C  and  D  are  low  and 
negative  but  significant  in  the  growthroom  material  and  1973  field  material. 

*Note:  A  test  of  homogeneity  was  applied  to  the  three  sets  of  correlations  in  order  to 
see  if  the  three  years'  data  could  be  considered  as  coming  from  the  same  population. 
Certain  of  these  sets  of  correlations,  though  biologically  similar,  showed  significant 
differences  (i.e.  ABCD  vs  BCD).  This  is  due  to  the  high  degrees  of  freedom  used,  and 
also  to  the  extreme  skewedness  experienced  in  the  distribution  of  the  upper  end  of  the 

Z-transformation. 
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Correlations  between  the  individual  growth  periods  and  total  time  from 
seeding  to  maturity  showed  varying  results  which  could  be  affected  by  the  relative  size 
and  variance  of  the  individual  period,  as  well  as  the  presence  of  interactions  produced 
when  the  growth  period  is  a  part  of  the  total  growing  time.  Relations  of  total  time 
with  period  A  were  low  with  significance  at  the  0.05  level  occurring  only  in  the  growth- 
room  material.  Associations  between  the  second  growth  period  (B)  and  total  time  were 
positive  and  highly  significant  with  correlations  of  0.64,  0.75,and  0.31.  However, 
highest  associations  are  found  in  the  first  two  years  (growthroom  and  1973  field)  while 
lower  correlations  occurred  in  the  1974  material.  The  third  period  (C)  showed  positive 
and  highly  significant  correlations  of  0.  53,  0.86,  and  0.83  with  total  time.  Here, 
the  association  was  lowest  in  the  growthroom  but  equally  high  for  the  two  field  years. 
Relationships  of  period  D  and  total  time  are  positive  but  lower,  with  correlations  of 
0.63  in  the  growth  room  and  0.61  in  1974.  1973  material  showed  a  very  low  association 

of  0.  17  with  only  5%  significance. 

A  comparison  of  total  time  from  seeding  to  maturity  with  its  component 
stages  (from  seeding)  revealed  extremely  low  correlations  with  time  to  emergence,  and 
progressively  higher  relationships  with  times  to  internode  elongation  and  heading. 

Time  to  internode  elongation  showed  high  and  positive  significant  correlations  of  0.67, 
0.78,  and  0.39  with  total  time.  The  relationship  is  highest  in  the  1973  material  and 
growthroom  material,  and  much  lower  in  1974.  Time  to  head  showed  positive  and  high 
significant  associations  of  0.67  and  0.91  with  total  time  in  the  growthroom  and  1973 
material,  but  a  lower  but  still  highly  significant  correlation  of  0.  31  in  1974. 
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There  were  no  extremely  high  correlations  occurring  between  the  length  of 
the  growth  phases  and  the  morphological  characters  (Table  XII)  but  relationships  signi¬ 
ficant  to  the  1%  level  did  occur.  Correlations  of  yield  with  the  length  of  the  growth 
periods  C  and  D  were  consistently  significant  for  all  three  years.  Period  B  achieved 
a  significant  association  with  yield  in  the  growthroom  and  1974  field  material,  the 
latter  producing  the  highest  correlation. 

Correlations  of  yield  with  the  longer  growth  phases  (i.e.  combined  periods 
and  stages)  showed  some  significant  values,  but  were  not  consistent  over  the  three  years. 
The  period  of  early  growth  (seeding  to  internode  elongation),  the  period  from  seeding  to 
heading,  and  also  the  period  from  emergence  to  internode  elongation,  showed  positive 
significant  results  in  the  growthroom  material  and  negative  significant  associations  in 
1974.  The  total  growing  time  (A  +  B  +  C  +  D)  showed  a  significant  relationship  with 
yield  in  the  growthroom  and  1973.  The  periods  from  emergence  to  ripe  (B  +  C  +  D) 
and  from  internode  elongation  to  ripe  followed  a  similar  pattern. 

The  correloHons  between  height  and  growth  periods  were  more  variable, 
with  the  highest  association  being  found  in  the  growthroom  material.  Here,  periods 
B  and  C  showed  the  highest  correlations  with  height  while  period  D  showed  a  significant 
negative  correlation.  In  1973  significance  showed  only  with  period  C,  while  1974 
showed  significant  results  in  both  periods  B  and  C.  Therefore  period  C  seems  to  be 
the  only  growth  period  consistently  showing  significant  differences  in  its  relationship 
with  the  height  of  the  plant.  This  pattern  continued  in  the  relationships  of  height  and 
combinations  of  period.  Highest  associations  were  again  achieved  in  the  growthroom 
and  1973  material  with  little  significance  being  found  in  1974.  The  highest  relation¬ 
ships  were  found  in  1972  In  the  growth  periods  (A  +  B  +  C)  and  (B  +  C). 
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Significance  values:  1972:  po.ce  ~  0.164,  Po.ca  ~  0.213 

1973:  po.05  =  0.  159,  po.oi  =  0.208 
1974:  po.05  =  0.  145,  po.a  =  0.  190 
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Associations  with  head  length  were  generally  low  with  significant  results 
for  all  three  years  occurring  only  with  period  C.  Significance  was  also  found  in  the 
field  years  1973  and  1974  with  periods  B  and  D,  but  the  correlations  are  too  low  for 
conclusions  to  be  made.  Combinations  of  periods  continued  this  low  association,  with 
no  significance  in  any  of  the  three  years.  The  two  field  years  (1973  and  1974)  shared 
the  highest  correlation  with  head  length  and  period  (B  +  C). 

Values  for  1000  kernel  weight  were  recorded  only  in  1973  and  1974,  with 
significant  correlations  found  in  periods  B  and  C  in  1974.  This  pattern  continued  with 
the  combinations,  with  significant  values  for  both  years  being  shared  by  the  period 
(C  +  D). 

Associations  of  yield  and  other  morphological  characters  (Table  XIII)  in 
most  cases  were  quite  low,  though  there  are  relations  significant  to  the  1%  level 
present.  The  highest  and  most  consistent  association  with  yield  over  the  three  years 
was  supplied  by  height.  Lower  but  still  significant  is  the  positive  relationship  between 
yield  and  head  length,  which  had  a  closer  association  in  the  field  than  in  the  growth- 
room.  The  yield  components  kernel  weight  and  number  of  heads  showed  highly  signi¬ 
ficant  positive  associations  of  0.58  and  0.48  in  the  growthroom  and  1973,  but  decreased 
to  close  to  0  in  1974.  This  was  also  true  for  test  weight  and  habit.  There  was  a  signifi¬ 
cant  correlation  between  number  of  plants  and  yield  for  both  the  field  years,  but  these 
relationships  were  fairly  low.  Very  little  relationship  was  found  between  number  of 
secondary  tillers  and  yield. 

Associations  between  the  morphological  characters  were  generally  low  and 
inconsistent.  Exceptions  were  provided  by  height  and  head  length  which  showed 
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TABLE  XIII.  Simple  Correlation  Coefficients  Between  Yield  and  Other  Morphological  Characters 
for  the  Three  Years:  Upper  values:  1972  (n  =  144);  Center  value:  1973  (n  =  156); 
and  Lower  values,  1974  (n  =  169) 


Yield 

Height 

Head 

Length 

1000 

Kernel  w,  **  l. 
Weight 

Habit 

No.  of 
Heads 

No.  of 
Secondary 

Til  lers 

Height 

0.476** 

0.485** 

0.  399** 

Head  Length 

0. 225** 

0. 377** 

0.437** 

0.605** 

0.371** 

0. 532** 

1000  Kernel  Weight 

- 

- 

- 

0. 578** 

0. 292** 

0.025 

-  0. 046 

0.046 

0. 005 

Test  Weight 

- 

- 

- 

- 

0. 356** 

0. 137 

0.041 

0. 342** 

0. 139 

0. 114 

0. 099 

0. 102 

Habit  at  Internode 

• 

• 

- 

Elongation 

0.355** 

0.344** 

0.  177* 

0. 172* 

0. 122 

0.099 

0.071 

0.039 

0.279** 

-  0. 139 

No.  of  Heads 

- 

- 

- 

- 

- 

- 

0.480** 

-  0. 037 

-  0. 026 

0.302** 

0. 124 

-  0.018 

-  0. 063 

-  0. 188 

-0. 268** 

-  0. 126 

-0.051 

-  0. 167 

No.  of  Secondary 

- 

- 

- 

- 

- 

- 

- 

Tillers 

0. 192* 

-  0. 105 

-  0. 176 

0.356** 

-  0.029 

0.214 

0. 253** 

-  0.080 

-0.277** 

-  0. 332** 

0.  176* 

-  0. 1 1 1 

-  0.018 

0.230** 

No.  of  plants 

- 

- 

- 

- 

- 

- 

- 

- 

0. 389** 

0.  192* 

-  0. 028 

0. 326** 

0.014 

0.  127 

0.395** 

0.  156 

0. 229** 

0. 106 

-  0.061 

-0.127 

-0.027 

-  0.091 

0.489** 

0. 131 

Po-os  ~  0.164,  Po. ca  ~  0.213 

Po.05  =  0.159,  po.oi  =  0.208 


Significance  Values: 
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fairly  high  significant  correlations.  Again,  associations  in  the  field  were  stronger  than 
in  the  growthroom.  One  other  exception  is  provided  by  the  significant  positive  corre¬ 
lation  between  the  number  of  plants  and  the  number  of  heads. 

Lodging  effects  on  yield  in  1973  (Table  XIV)  were  generally  low  and 
negative  and  showed  significance  at  the  5%  level  only  in  the  latter  part  of  the  season. 
However,  the  effects  in  1974  were  much  greater  as  shown  by  the  negative  associations 
significant  to  the  1%  level.  Greatest  effects  were  experienced  at  lodging  date  2,  which 
occurred  between  internode  elongation  and  heading,  and  lodging  date  5,  which  oc¬ 
curred  at  about  the  time  of  heading  for  most  families,  though  these  correlations  were 
not  significantly  higher  than  the  rest.  In  most  of  these  cases  in  1974,  the  material  was 
exposed  to  violent  storms  with  high  winds  and  heavy  rain. 

Time  from  seeding  to  maturity  was  significantly  affected  by  lodging  in  1973 
and  1974  (Table  XV).  Correlations  of  time  to  maturity  with  the  early  lodging  (Dates 
1  in  1973  and  1,2,3  in  1974)  were  generally  positive  and  then  changed  to  negative  as 
the  crop  developed.  Significant  correlations  were  found  between  the  individual  growth 
periods  A  and  B  and  lodging.  Also,  early  lodging  had  a  positive  and  significant  asso¬ 
ciation  with  the  length  of  period  C.  Correlations  between  lodging  and  period  D  were 
generally  lower  with  less  significance.  Greatest  effect  on  the  length  of  this  period  was 
supplied  by  lodging  date  1  in  1973,  which  occurred  in  period  C.  The  effect  was  positive 
on  period  C,  lengthening  the  time  taken  to  head,  and  then  negative  on  period  D, 
where  there  was  a  limited  time  remaining  for  ripening.  The  1974  results  for  the  same 
time  gave  high  positive  correlations  with  period  C  but  did  not  show  the  same  dramatic 
effect  on  the  length  of  period  D.  Significant  results  here  occurred  only  with  the  lodging 
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Time  of  Lodging 

Year 

1973 

1974 

Lodging  date  1 

-  0.00 

-  0. 380** 

Lodging  date  2 

-  0.010 

-  0.400** 

Lodging  date  3 

-  0. 173* 

-  0. 383** 

Lodging  date  4 

-  0. 177* 

-  0. 307** 

Lodging  date  5 

-  0. 165* 

-  0. 405** 

Lodging  date  6 

-  0.315** 

Lodging  date  7 

-  0.314** 

Lodging  date  8 

-  0. 341 ** 

Significance  values  1973:  Po.os  ~  0.159,  Pa.oi  ~  0.208 

1974:  Po.05  ~  0.145,  Po.oi  ~ 
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TABLE  XV.  Simple  Correlation  Coefficients  Comparing  Length  of  Growth 
Periods  with  Lodging  Ratings  Taken  Periodically  After 
Internode  Elongation  in  the  Field  in  1973  (upper  values)  and 
1974  (lower  values). 


Time 

of 

Lodging 

GROWTH  PERIOD 

Seeding  to 
Emergence 
(A) 

Emergence 
to  IE 
(B) 

IE  to 
Heading 

(C) 

Heading 
to  Ripe 
(D) 

Total  Time 
to  Ripe 
( A  +  B+  C  +  D) 

Lodging  date  1 

-  0.529** 

0.359** 

0. 632** 

-  0.425** 

0. 345** 

0. 247** 

0. 326** 

0.518** 

-  0. 065 

0. 436** 

Lodging  date  2 

0.057 

-  0. 134 

-  0.  142 

-0.089 

-  0. 189* 

-  0.415** 

0.319** 

0.638** 

-  0.  152* 

0.416** 

Lodging  date  3 

0.099 

-  0.265** 

-  0. 341** 

-  0. 188** 

-  0.421** 

0.451** 

0.231** 

0. 434** 

-  0. 146* 

0. 249** 

Lodging  date  4 

-  0. 178 

-  0.262** 

-  0. 163* 

-0.291** 

-  0. 376** 

-  0.322** 

0.087 

-  0.238** 

0.232** 

-0.315** 

Lodging  date  5 

-  0. 056 

-  0. 379** 

-  0. 302** 

-  0. 185** 

-  0.462** 

-  0.339** 

0. 185* 

-  0. 109 

-  0.213** 

-  0. 204** 

Lodging  date  6 

-  0.249** 

0. 163* 

-  0. 032 

-  0. 152 

-  0.  no 

Lodging  date  7 

-  0.313** 

0. 106 

-0.  124 

-  0.  191** 

-0.203** 

Lodging  date  8 

-  0. 356** 

0. 273** 

-  0. 080 

-0.145* 

-  0. 144 

Significance  Values:  1973:  Po.os  “  0.159,  Pq.qi  -  0.280 

1974:  Po.05  “  0.145,  po.ai  “  0.190 
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that  occurred  after  heading,  and  these  were  low.  Later  lodging,  occurring  during  the 
latter  half  of  period  D,  had  little  effect  on  the  total  lifespan  of  the  crop. 

There  were  highly  significant  relationships  in  the  behavior  of  each  variable 
for  all  of  the  growth  periods  and  stages  between  any  two  of  the  three  years.  Of  the 
four  major  growth  periods,  the  one  that  showed  the  greatest  consistency  of  behavior  for 
all  three  years  was  period  C.  Here,  correlations  between  the  years  were  extremely 
high.  Growth  periods  A  and  D  displayed  much  lower  relationships  between  the  years 
with  the  greatest  constancy  between  the  two  field  years.  Period  B,  on  the  other  hand, 
showed  its  greatest  similarities  in  behavior  between  the  growthroom  and  1973  field 
years,  with  1974  values  differing.  This  trend  was  duplicated  in  the  combinations  of 
periods  and  stages  with  days  to  heading  (A  +  B  +  C)  and  days  from  emergence  to  heading 
(B  +  C)  displaying  extremely  high  and  stable  associations  between  all  three  years. 

Again,  the  two  field  years  showed  the  greatest  similarities  for  all  combinations  with 
the  exception  of  days  to  internode  elongation  (A  +  B)  which  duplicated  the  behavior 
of  period  B. 

The  only  morphological  characters  taken  in  common  for  all  three  years  were 
height,  head  length  and  yield.  Here,  greatest  similarities  were  again  seen  between 
the  two  field  years,  especially  in  height.  Head  length  showed  weaker,  but  fairly 
s  table  relationships  among  all  three  years.  Yield,  on  the  other  hand,  showed  absolutely 
no  relationship  between  the  growthroom  and  either  of  the  field  years. 
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TABLE  XVI.  Correlation  Coefficients  Comparing  the  Three  Years  of  Data 
(n  =  144  for  all  years). 


1972 

vs 

1973 

1972 

vs 

1974 

1973 

vs 

1974 

Days  from  Seeding  to  Emergence  (A) 

0.271** 

0. 304** 

0.602** 

Days  from  Seeding  to  Internode 

Elongation  (A  +  B) 

0.795** 

0.460** 

0.405** 

Days  from  Seeding  to  Heading  (A  +  B  +  C) 

0.881** 

0.898** 

0. 927** 

Days  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 

0.588** 

0.609** 

0.830** 

Days  from  Emergence  to  Internode 

Elongation  (B) 

0.794** 

0.449** 

0.435** 

Days  from  Emergence  to  Heading  (B  +  C) 

0.887** 

0.899** 

0.  934** 

Days  from  Emergence  to  Ripe  (B  +  C  +  D) 

0.588** 

0.613** 

0.838** 

Days  from  Internode  Elongation 
to  Heading  (C) 

0. 847** 

0.846** 

0.923** 

Days  from  Internode  Elongation 
to  Ripe  (C  +  D) 

0.358** 

0.468** 

0.796** 

Days  from  Heading  to  Ripe  (D) 

0.214** 

0.250** 

0.397** 

Height 

0.356** 

0.400** 

0.838** 

Head  Length 

0.616** 

0. 595** 

0.691** 

Yield 

-  0. 047 

-  0. 173* 

0.457** 

Significance  values:  Po.os  ~  0.164 

=  0.213 


P  0.01 
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ii.  Factor  Analysis 

A  factor  analysis  of  the  growth  periods  and  their  combinations  in  the  growth- 
room  material  indicated  that  the  variables  were  separated  into  four  groupings  of  similar 
behavior,  accounting  for  96%  of  the  total  variability  (Table  XVII).  Communalities 
were  all  extremely  high  with  the  exception  of  yield,  showing  that  the  major  portion  of 
variability  in  each  character  was  accounted  for  in  the  four  factors.  The  first  factor 
which  contained  54%  of  the  variability  was  mainly  composed  of  period  D  and  all  those 
stages  and  combinations  which  contained  this  period.  Also  included  was  total  time 
from  seeding  to  maturity.  The  second  factor,  which  accounted  for  27%  of  the  variance 
contained  the  total  period  to  heading  and  combinations  which  included  period  C.  The 
Third  factor  which  grouped  period  A  and  yield  as  having  similar  behavior,  and  the 
fourth  which  contained  the  periods  up  to  Internode  Elongation,  were  similar  in  size, 
accounting  for  7  and  6%  of  the  total  variability  respectively.  With  the  exception  of 
yield,  the  loadings  given  to  each  character  were  extremely  high. 

In  the  1973  field  year  (Table  XVIII)  the  groupings  were  not  as  clear-cut  as 
those  shown  in  the  growthroom,  but  accounted  for  98%  of  the  total  variance.  Here, 
the  greatest  amount  of  variation  (60%)  was  supplied  by  a  grouping  of  the  period  of 
floral  development  and  those  combinations  containing  periods  B  and  C.  Loadings  again 
were  high  with  the  exception  of  growing  period  (C  +  D)  and  the  combination  (A  +  C  +  D) 
which  shared  equal  weight  in  the  first  three  factors.  The  second  grouping  contained 
period  D  and  its  combinations,  accounting  for  25%  of  the  total  variance.  The  third 
factor,  accounting  for  8%  of  the  variability  included  a  portion  of  (C  +  D)  and 
(A  +  C  +  D)  along  with  yield  as  having  similar  behavior.  The  remaining  factor  included 
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TABLE  XVII.  A  Factor  Analysis  of  All  Combinations  of  Growth  Periods  for  1971/72 


Factors 

Communalities  1  2  3  4 

Factor  1:  Total  Growth  Plus  Assimilation  Period 


Days  from  Seeding  to  Ripe 
(A  +  B  +  C  +  D) 

0.  99 

0.80 

-0.48 

-  0.02 

0.35 

Days  from  Emergence  to  Ripe 
(B  +  C  +  D) 

0.  99 

0.79 

-0.49 

-  0.07 

0.34 

Days  from  Internode  Elongation 
to  Ripe  (C  +  D) 

0.99 

0.91 

-0.40 

-0.04 

0.03 

Days  from  Heading  to  Ripe  (D) 

0.  99 

0.96 

0.24 

0.03 

-0.08 

Combination  A  +  D 

0.99 

0.96 

0.24 

0.  10 

-0.07 

Combination  B  +  D 

0.99 

0.94 

0.03 

-  0.03 

0.31 

Combination  A  +  B  +  D 

0.  99 

0.95 

0.03 

0.04 

0.32 

Combination  A  +  C  +  D 

0.  99 

0.92 

-  0.40 

0.03 

0.04 

Factor  2:  Growth  to  Anthesis 

Days  from  Seeding  to  Heading 
(A  +  B  +  C) 

0.99 

0.09 

-  0.  85 

0.04 

0.52 

Days  from  Emergence  to  Heading 
(B  +  C) 

0.  99 

0.07 

-0.85 

-  0.  12 

0.51 

Days  from  IE  to  Heading  (C) 

0.  99 

0.00 

-0.98 

-0.10 

0.  16 

Combination  A  +  C) 

0.  99 

0.03 

-0.98 

0.01 

0.  17 

Factor  3: 

Days  from  Seeding  to  Emergence 

(A) 

0.84 

0.25 

-0.01 

0.  88 

0.09 

Yield 

0.59 

0.38 

-0.17 

-  0.59 

0.29 

Factor  4:  Time  to  End  of  Floral 

Initiation 

Days  from  Seeding  to  IE  (A  +  B) 

0.  99 

0.20 

-  0.42 

0.05 

0.88 

Days  from  Emergence  to  IE  (B) 

0.99 

0. 15 

-  0.43 

-  0. 11 

0.88 

Percentage  of  Total  Variance 

96 

54 

27 

7 
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TABLE  XVIII.  A  Factor  Analysis  of  All  Combination  of  Growth  Periods  for  1973 


Factors 

Communalities 

1 

2 

3 

4 

Factor  1:  Periods  Containing  Flo 

ral  Development 

Days  from  Seeding  to  Internode 
Elongation  (A  +  B) 

0.98 

0.95 

0.  13 

-0.23 

0.10 

Days  from  Seeding  fo  Heading 
(A  +  B  +  C) 

0.99 

0.97 

0.01 

0.23 

-0.01 

Days  from  Seeding  to  Ripe 
(A  +  B  +  C  +  D) 

0.99 

0.82 

0.44 

0.35 

0.03 

Days  from  Emergence  to  IE  (B) 

0.98 

0.94 

0.06 

-  0. 24 

-0.17 

Days  from  Emergence  to  Heading 
(B  +  C) 

0.  99 

0.97 

-  0.01 

0.22 

-  0. 12 

Days  from  Emergence  to  Ripe 
(B  +  C  +  D) 

0.99 

0.  84 

0.42 

0.34 

-0.08 

Days  from  IE  to  Heading  (C) 

0.99 

0.  87 

-0.06 

0.47 

-0.08 

Days  from  IE  to  Ripe*  (C  +  D) 

0.98 

0.60 

0.53 

0.59 

-0.01 

Combination  A  +  C 

0.  99 

0.  86 

-0.02 

0.48 

0.09 

Combination  A  +  C  +  D* 

0.  98 

0.57 

0.44 

0.58 

0.  14 

Factor  2:  Period  of  Assimilation 

Days  from  Heading  to  Ripe  (D) 

0.99 

0.27 

0.92 

0.27 

0. 10 

Days  from  IE  to  Ripe*  (C  +  D) 

0.98 

0.61 

0.53 

0.59 

-  0.01 

Combination  A  +  D 

0.99 

0.25 

0.88 

0.26 

0.30 

Combination  B  +  D 

0.  99 

0.49 

0.87 

0.06 

-0.05 

Combination  A  +  B  +  D 

0.  99 

0.45 

0.  87 

0.07 

0. 16 

Combination  A  +  C  +  D* 

0.  98 

0.57 

0.55 

0.58 

0. 14 

Factor  3:  Time  from  Floral  Initiation  to  Ripe 

Yield 

0.80 

0.09 

0.35 

0.81 

0.07 

Days  from  IE  to  Ripe*  (C  +  D) 

0.  98 

0.60 

0.53 

0.59 

-  0.01 

Combination  A  +  C  +  D* 

0.  98 

0.57 

0.55 

0. 58 

0.  14 

Factor  4:  Period  to  Emergence 

Days  from  Seeding  to  Emergence 

(A)  0. 99 

0.06 

0.23 

0.06 

0.97 

Percentage  of  Total  Variance 

98 

60 

25 

8 

6 

*  Denotes  characters  shared  by  two  or  more  factors 
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period  A  alone  and  accounted  for  6%  of  the  variation.  Commonalities  in  all  cases 
were  extremely  high,  the  lowest  being  that  of  yield  at  0.  80. 

The  1974  field  material  (Table  XIX)  was  grouped  into  three  factors  accoun¬ 
ting  for  94%  of  the  total  variance.  Again  combination  (A  +  C  +  D)  was  shared  by  more 
than  one  grouping,  though  the  greatest  weighting  appeared  in  the  first  factor.  This 
factor  grouped  together  periods  B  and  C  and  their  combinations  accounting  for  57%  of 
the  total  variance.  The  second  factor,  accounting  for  26%  of  total  variance,  grouped 
together  period  A  and  D,  as  well  as  their  respective  combinations,  as  behaving  simi¬ 
larly.  However,  only  55%  of  the  variance  for  period  A  was  contained  in  these  three 
factors.  The  third  factor,  accounting  for  12%  of  the  total  variance  included  yield  and 
time  to  internode  elongation,  as  well  as  period  B.  All  commonalities,  with  the  ex¬ 
ception  of  period  A,  were  again  very  high. 

The  second  set  of  matrices  was  supplied  by  the  individual  growth  periods 
alo  ig  with  morphological  characters  recorded  in  each  year.  In  1972  (growthroom) 
there  was  only  height  and  head  length  included  (Table  XX)  but  the  matrix  of  five 
factors  accounted  for  93%  of  the  total  variance.  The  first  factor  contained  growth 
periods  B  and  C,  and  accounted  fo  38%  of  total  variance.  Period  D,  head  length, 
and  period  A  made  up  three  separate  factors,  each  accounting  for  20,  16  and  14%  of 
the  total  variability,  respectively.  Height  and  yield,  accounting  for  7%  of  the  variance 
were  grouped  together  in  the  fifth  factor.  Communalities  in  all  cases  were  high.  A 
similar  equation  in  1973,  containing  the  growth  periods  morphological  characters  and 
lodging,  gave  six  factors  accounting  for  77%  of  the  total  variance  (Table  XXI).  The 
first  factor,  using  up  23%  of  the  variance,  includes  loding  dates  2  through  5.  The 
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TABLE  XIX.  A  Factor  Analysis  of  All  Combinations  of  Growth  Periods  for  1974 


Communalities 

Factors 

1 

2 

3 

Factor  1:  Periods  Containing  Floral  Development  after  Initiation 

Days  from  Seeding  to  Heading  (A  +  B  +  C)  0,  99  -  0.  95 

0.06 

-0.29 

Days  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 

0.99 

-0.85 

0.49 

-  0.  14 

Days  from  Emergence  to  Heading  (B  +  C) 

0.99 

-  0.94 

-  0.01 

-0.33 

Days  from  Emergence  to  Ripe  (B  +  C  +  D) 

0.99 

-  0.87 

0.45 

-  0.  18 

Days  from  Internode  Elongation  to  Heading 

(C)  0.99 

-0.99 

0.02 

-0.10 

Days  from  IE  to  Ripe  (C  +  D) 

0.99 

-  0.87 

0.48 

0.02 

Combira  tion  A  +  C 

0.99 

-0.99 

0.09 

-0.05 

Combination  A  +  C  +  D* 

0.99 

-  0.85 

0.53 

0.06 

Factor  2:  Periods  of  Assimilation  and  Emergence 

Days  from  Seeding  to  Emergence  (A)  0. 55 

0.02 

0.61 

0.41 

Days  from  Heading  to  Ripe  (D) 

0.97 

-  0.21 

0.94 

0.  19 

Combination  A  +  D 

0.99 

-0.  19 

0.  95 

0.  24 

Combination  B  +  D 

0.97 

-  0.29 

0.91 

-0.22 

Combination  A  +  B  +  D 

0,99 

-0.26 

0.95 

-  0.  14 

Combination  A  +  C  +  D* 

0.99 

-0.85 

0.53 

0.06 

Factor  3:  Time  to  End  of  Floral  Initiation 

Yield 

0.81 

0.  13 

0.  37 

0.81 

Days  from  Seeding  to  IE  (A  +  B) 

0.88 

-0.19 

0.20 

-  0.90 

Days  from  Emergence  to  IE  (B) 

0.98 

-  0.  17 

-  0.09 

-0.97 

Percentage  of  Total  Variance 

94 

57 

26 

12 

*  Denotes  character  shared  by  two  or  more  factors 
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TABLE  XXI.  A  Facfor  Analysis  of  the  Four  Growth  Periods  Plus  Yield  Components  and  Lodging  for  1973 


Comm 

unalitles 

1 

2 

3 

Factors 

4 

5 

6 

Factor  1:  Lodging 

Lodging  date  2 

0.75 

-0.75 

0. 10 

0.08 

-  0.07 

0.04 

0.41 

Lodging  date  3 

0.83 

-  0.87 

0. 11 

0. 12 

-  0.03 

-  0.  15 

-  0.03 

Lodging  date  4 

0.87 

-  0.87 

-  0.22 

-  0.09 

0.01 

-  0.  16 

-  0.  17 

Lodging  date  5 

0.83 

-  0.85 

-0. 12 

-  0.02 

0.06 

-  0.29 

-  0.  13 

Factor  2: 

No.  of  Secondary  Tillers* 

0.82 

-  0.04 

0.52 

0.57 

-  0.25 

0.31 

-  0.26 

Days  from  Seeding  to  Emergence  (A) 

0.74 

-  0.03 

0.83 

0.20 

0.06 

-  0.01 

0.02 

Days  from  Heading  to  Ripe  (D) 

0.66 

0.31 

0.56 

-  0.05 

0.36 

-  0.34 

0.06 

Lodging  date  1 

0.80 

-  0.04 

-  0.70 

-  0.09 

0.26 

0.45 

-  0.  18 

Factor  3:  Yield  Components 

1000  Kernel  Weight 

0.64 

-  0.08 

0.  14 

-  0.69 

0. 15 

0.09 

0.32 

No.  of  plants  per  1.2m  row 

0.51 

-  0.02 

-  0.29 

-  0.63 

0.01 

0.  17 

0.02 

No.  of  heads  per  1.2  m  row 

0.70 

-0.00 

-  0.24 

-  0.79 

-  0.04 

-  0.  14 

-  0.04 

No.  of  Secondary  Tillers* 

0.82 

-  0.04 

0.52 

0.57 

-  0.25 

0.31 

-  0.26 

Yield** 

0.87 

0. 15 

0. 18 

-  0.64 

0.56 

0.03 

0.29 

Factor  4:  Vegetative  Characters  Contributing  to  Yield 
Height  0. 76  0.16 

-  0. 10 

-  0.  10 

0.81 

0.21 

0.09 

Head  Length 

0.86 

-  0.  19 

0.04 

0.05 

0.90 

0.01 

-  0.04 

Yield** 

0.87 

0.  15 

0.  18 

-  0.64 

0.56 

0.03 

0.29 

Factor  5:  Period  of  Floral  Initiation  and  Development 
Habitat  Internode  Elongation  0.74  0.26 

0.  15 

-  0.09 

0.26 

0.75 

0.  10 

Days  from  Emergence  to  IE  (B) 

0.81 

0.21 

-  0.20 

0.08 

-  0.  19 

0.83 

-  0.07 

Days  from  IE  to  Heading  (C) 

0.85 

0.  14 

-  0.23 

-  0. 19 

0.22 

0.83 

-  0.04 

Factor  6:  Test  Weight 

Test  Weight 

0.81 

0.04 

0.04 

-0.  17 

0.07 

-  0.04 

0.88 

Percentage  of  Total  Variance 

0.77 

23 

15 

15 

10 

8 

6 

*/  **  denote  character  shared  by  two  or  more  factors 
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variables,  number  of  secondary  tillers  and  yield,  were  each  weighted  evenly  between 
the  two  factors.  The  second  factor  groups  together  period  A  and  D,  lodging  date  1 
and  the  number  of  secondary  tillers,  as  behaving  similarly.  It  and  factor  three,  which 
included  kernel  weight,  number  of  plants,  number  of  heads,  number  of  secondary  til” 
lers,  and  yield,  each  accounted  for  15%  of  the  total  variance.  Factor  four,  grouping 
together  height,  head  length  and  yield,  and  factor  five,  grouping  habit  and  periods 
B  and  C,  were  responsible  for  10  and  8%  of  the  total  variance  respectively.  The  re¬ 
maining  factor,  which  contained  6%  of  the  variance,  included  test  weight.  Commu- 
nalities  ranged  from  0.51  for  number  of  plants  to  0.87  for  yield. 

The  1974  material  (Table  XXII)  again  presented  the  lodging  data  as  supplying 
the  greatest  variability,  with  dates  4  through  8  accounting  for  23%  Df  the  total. 

Growth  periods  A,  B,  and  yield  were  each  weighted  evenly  in  more  than  one  factor. 

The  second  factor  grouped  together  periods  A,  B,  and  C,  lodging  dates  1  to  3,  and 
yield,  as  behaving  similarly,  and  accounted  for  16%  of  the  total  variance.  Factor 
three,  which  included  period  B  and  yield,  along  with  height,  head  length,  and  num¬ 
ber  of  secondary  tillers,  accounted  for  1 1%  of  the  variance.  The  remaining  three  fac¬ 
tors  accounted  for  similar  but  small  amounts  of  variance  at  8,  6  and  6%,  respectively. 
Factor  four  included  period  A,  habit,  and  kernel  weight;  factor  five  included  period 
D  and  test  weight;  and  factor  six  grouped  the  number  of  plants  and  the  number  of 
heads.  Communalities  ranged  from  0.47  for  period  D  to  0.88  for  lodging  date  7,  with 
only  70%  of  the  total  variance  being  accounted  for  in  the  six  factors. 

Inclusion  of  morphological  characters  and  lodging  into  the  matrix,  along 
with  all  combinations  of  growth  periods  was  performed  in  order  to  detect  changes  in 
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TABLE  XXII.  A  Factor  Analysis  of  the  Four  Growth  Periods  Plus  Yield  Components  and  Lodging  for  1974 


Factors 

Communal  iti 

es  1 

2 

3 

4 

5 

6 

Factor  1:  Later  Lodging  after  Time  of  Heading 

Lodging  date  4 

0.  78 

-  0.  87 

0.04 

-0.06 

-  0.  09 

0.04 

-0.07 

Lodging  date  5 

0.7o 

-  0.  85 

-  0.05 

-  0.15 

-  0.  10 

0.08 

0.06 

Lodging  date  6 

0.80 

-  0.89 

0.03 

0.03 

0.01 

-  0.01 

0.05 

Lodging  date  7 

0.88 

-0.93 

-  0.04 

-  0.04 

-  0.07 

-  0.05 

-0.05 

Lodging  date  8 

0.64 

-  0.77 

-  0. 14 

-  0.01 

0.04 

-  0.  14 

-  0.04 

Factor  2:  Early  Growth  to  Heading  with 

Early  Lodging  and  Yield 

Days  from  Seeding  to  Emergence**(A) 

0.56 

0.37 

0.48 

0.  15 

0.41 

0.01 

-  0.00 

Days  from  Emergence  to  Internode 
Elongation  *(B) 

0.54 

-  0.20 

-  0.49 

-  0.44 

0.23 

0.03 

0.09 

Days  from  IE  to  Heading  (C) 

0.72 

0.  14 

-  0.75 

0. 16 

0.27 

0.  14 

0.  16 

Lodging  date  1 

0.72 

0.  06 

-  0.79 

0.09 

0.07 

-  0.23 

0.  13 

Lodging  date  2 

0.87 

0.03 

-  0.92 

0.06 

-0.10 

-  0.06 

-  0.02 

Lodging  date  3 

0.73 

0.  12 

-  0.79 

0.02 

-  0.28 

0.  07 

-  0.01 

Yield* 

0.76 

0.  37 

0.52 

0.57 

-  0.02 

0.  14 

-  0. 13 

Factor  3:  Period  B  and  Contributions  to  Yield 

Days  from  Emergence  to  IE*  (B) 

0.54 

-0.20 

-  0.49 

-  0.44 

0.23 

0.03 

0.09 

Yield* 

0.76 

0.  37 

0.52 

0.57 

-  0.02 

0.  14 

-  0. 13 

Height 

0.70 

0.01 

-  0.08 

0.82 

0. 14 

-  0.00 

-  0.  10 

Head  Length 

0.64 

0.08 

-  0.  10 

0.76 

0.01 

0. 13 

0. 15 

No.  of  Secondary  Tillers 

0.51 

0.22 

0.  11 

-  0.53 

0. 19 

-0.10 

-  0.35 

Factor  4: 

Days  from  Seeding  to  Emergence**  (A) 

0.56 

0.37 

0.48 

0.  15 

0.41 

0.01 

-0.00 

Habit  at  IE 

0.  65 

0.05 

0. 20 

0. 10 

0.72 

-0.21 

0. 19 

1000  Kernel  Weight 

0.65 

0.03 

-  0. 18 

-  0. 12 

0.  74 

0.23 

-  0. 03 

Factor  5:  Assimilation 

Days  from  Heading  to  Ripe  (D) 

0.47 

0.21 

0. 15 

0.26 

0.  27 

0.49 

0.  14 

Test  Weight 

0.82 

-  0.04 

0.01 

0.  07 

-  0.07 

0.90 

0.00 

Factor  6:  Density 

No.  plants  per  1.2  m  sample 

0.80 

-  0.00 

0. 11 

0.17 

-  0.07 

-  0.  09 

-0.87 

No.  heads  per  1.2  m  sample 

0.67 

0.02 

0.07 

-  0.26 

-  0.09 

0.03 

-0.  76 

Percentage  of  Total  Variance 

70 

23 

16 

11 

8 

6 

6 

*,  **  Denote  character  shared  by  two  or  more  factors 
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groupings  and  to  discover  any  p>ossible  relationships  between  these  characters  and  the 
growth  stages.  The  growthroom  material  included  only  height  and  head  length  (Table 
XXIII).  There  were  no  changes  in  the  variables  present  in  the  first  factor  (which 
accounted  for  49%  of  the  total  variance)  from  that  of  Table  XVII.  The  second  factor, 
however,  grouped  time  to  Internode  Elongation  and  height  along  with  those  variables 
describing  time  to  heading,  to  account  for  28%  of  the  variance.  Factor  3  was  com¬ 
posed  of  head  length  alone  and  accounted  for  8%  of  the  variance.  What  was  the 
third  grouping  in  Table  XVII  became  the  fourth  here,  and  contained  the  same  variables, 
period  A  and  yield.  This  accounted  for  6%  of  variation.  Communalities  in  many  cases 
were  slightly  lowered,  ranging  from  0.52  for  period  A  to  0.99.  The  percentage  of 
total  variance  covered  by  the  four  factors  dropped  slightly  to  92%. 

The  1973  field  year  revealed  greater  changes  with  the  inclusion  of  the  mor¬ 
phological  characters  (Table  XXIV).  Here,  the  percent  of  total  variance  accounted  for 
dropped  to  78%  and  the  number  of  factors  increased  to  five,  from  four  in  Table  XVIII. 
The  first  factor  showed  a  similar  grouping  of  period  B  and  C  and  their  combinations, 
and  also  included  growth  habit.  However,  its  portion  of  the  total  variance  dropped  to 
38%.  The  second  factor  showed  periods  A  and  D  grouped  together,  along  with  the 
first  lodging  to  account  for  16%  of  total  variance.  Factor  3,  including  yield  compo¬ 
nents  and  yield,  together  with  factor  four  which  included  the  lodging  dates  2  to  5,  ac¬ 
counted  for  11  and  8%  of  the  total  variance.  The  fifth  factor  was  composed  of  height 
and  head  length,  accounting  for  6%  of  the  variance.  Communalities  here  were  much 
lower,  ranging  from  0.43  for  number  of  plants  to  0.  99. 

The  inclusion  of  morphological  characters  in  1974  (Table  XXV)  reduced  the 
percentage  of  total  variance  to  81%  and  increased  the  number  of  factors  from  three  in 
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TABLE  XXIII.  A  Factor  Analysis  for  All  Combinations  of  Growth  Periods  Plus 
Height  and  Head  Length  in  1971/72 


Factors 


Communalities  12  3  4 


Factor  1:  Total  Growth  Plus  Assimilation  Period 


Days  from  Seeding  to  Ripe  (A+ B+ C +  D)0.  99 

0.82 

-  0.56 

-  0.04 

-0.01 

Days  from  Emergence  to  Ripe(B  +  C+D) 

0.  98 

0.81 

-0.57 

-0.36 

-0.05 

Days  from  Internode  Elongation  to  Ripe 
(C  +  D) 

0.97 

0.91 

-0.33 

0. 16 

0.05 

Days  from  Heading  to  Ripe  (D) 

0.  99 

0.95 

0.29 

-  0.  04 

0.03 

Combination  A  +  D 

0.99 

0.95 

0.28 

-  0.05 

-0.09 

Combination  B  +  D 

0.99 

0.96 

-  0. 10 

-0.24 

-0.08 

Combination  A  +  B  +  D 

0.99 

0.96 

-0.  10 

-  0.24 

-  0. 03 

Combination  A  +  C  +  D 

0.  98 

0.92 

-0.32 

0. 15 

0.10 

Factor  2:  Vegetative  Growth  and  Floral 

Development 

Days  from  Seeding  to  IE  (A  +  B) 

0.94 

0.24 

-0.81 

-  0.46 

-  0. 12 

Days  from  Seeding  to  Heading  (A  +  B  +  C)0.  99 

0. 13 

-  0.99 

-0.01 

-0.35 

Days  from  Emergence  to  IE  (B) 

0.96 

0.  25 

-0.81 

-  0.45 

-0.25 

Days  from  Emergence  to  Heading  ■ 

(B  +  C) 

0.99 

0. 10 

-  0.98 

-  0.01 

-  0.09 

Days  from  IE  to  Heading  (C) 

0.95 

0.02 

-0.92 

0.  31 

0.04 

Combination  A  +  C 

0.97 

0.05 

-0.93 

0. 30 

0. 12 

Height 

0.71 

-0.06 

-0.71 

0.09 

0.44 

Factor  3:  Head  Length 

Head  Length 

0.78 

-0.07 

-  0. 13 

0.84 

-  0.  24 

Factor  4:  Period  A  and  Yield 

Days  from  Seeding  to  Emergence  (A) 

0.52 

0.26 

-0.03 

-0.08 

0.66 

Yield 

0.74 

0.40 

-0.27 

0.13 

-  0.70 

Percentage  of  Total  Variance 

92 

49 

28 
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TABLE  XXIV.  A  Factor  Analysis  for  All  Combinations  of  Growth  Periods  Plus  Yield  Components  and 
Lodging  for  1973 


Communal  iti( 

ss  1 

Factors 

2  3 

4 

5 

Factor  1:  Vegetative  Growth  and  Floral  Development 

Days  from  Seeding  to  Intemode  Elongation  (A  +  B) 

0.90 

0.86 

-  0.  03 

0.22 

-  0. 12 

0.31 

Days  from  Seeding  to  Heading  (A  +  B  +  C) 

0.99 

0.97 

-  0.20 

-  v.Ol 

-  0. 10 

0.00 

Days  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 

0.99 

0.96 

0.18 

-  0.07 

-  0. 18 

-  0. 10 

Days  from  Emergence  to  IE  (B) 

0.90 

0.85 

-  0.20 

0. 19 

-0. 15 

0.28 

Days  from  Emergence  to  Heading  (B  +  C) 

0.99 

0.  95 

-0.27 

-  0.03 

-  0.  11 

-0.01 

Days  from  IE  to  Heading  (B  +  C  +  D) 

0.94 

0.90 

-  0.28 

-  0.  16 

-  0.07 

-  0. 19 

Days  from  IE  to  Ripe  (C) 

0.93 

0.82 

0.27 

-  0.23 

-0.17 

-  0.32 

Combination  A  +  C 

0.90 

0.90 

-  0.  17 

-  0. 15 

-  0.05 

-  0. 18 

Combination  B  +  D* 

0.84 

0.66 

0.57 

0.06 

-  0.28 

0.  04 

Combination  A  +  B  +  D* 

0.93 

0.63 

0.69 

0.08 

-  0.  24 

0.06 

Combination  A  +  C  +  D 

0.94 

0.80 

0.  37 

-  0.21 

-  0. 15 

-  0.31 

Habit  at  IE 

0.54 

0.68 

0. 07 

-  0. 13 

-  0.20 

-  0. 13 

Factor  2:  Emergence  and  Ripening  Periods 

Days  from  Seeding  to  Emergence  (A) 

0.45 

-  0.04 

0.65 

0. 10 

0. 10 

0.07 

Days  from  Heading  to  Ripe  (D) 

0.  89 

-  0.07 

0.88 

-  0. 13 

-  0. 18 

-  0.24 

Combination  A  +  D 

0.96 

-0.07 

0.95 

-  0.09 

-  0.  14 

-0. 19 

Combination  B  +  D* 

0.84 

0.66 

0.57 

0.06 

-  0. 28 

0.04 

Combination  A  +  B  +  D* 

0.93 

0.63 

0.69 

0.08 

-  0.24 

0.  06 

Lodging  date  1 

0. 75 

0.44 

-  0.65 

-  0.02 

0.00 

-  0.37 

Factor  3:  Yield  Components 

1000  Kernel  Weight 

0.61 

0.09 

0.07 

-  0.77 

-  0.06 

-  0.  06 

No.  plants  per  1.2  m  row 

0.43 

0.  20 

-  0.  27 

-  0.56 

0.03 

0.06 

No.  heads  per  1.2  m  row 

0.61 

-  0.07 

-  0.28 

-  0.72 

-  0.01 

0.  07 

Yield 

0.85 

0. 18 

0.29 

-  0.74 

-  0.07 

-  0.42 

Factor  4:  Lodging 

Lodging  date  2 

0.59 

-  0.06 

0.08 

-  0.01 

0.76 

-  0.  11 

Lodging  date  3 

0.81 

-  0. 26 

-  0.00 

0.  14 

0.  85 

-0.06 

Lodging  date  4 

0.81 

-  0.21 

-  0.28 

-  0.01 

0.82 

0.  05 

Lodging  date  5 

0.79 

-  0.33 

-0.15 

0.03 

0.80 

0.06 

Factor  5:  Vegetative  Characters  Contributing  to  Yie 

Id 

Height 

0. 68 

0.25 

-  0.02 

-  0. 18 

-  0. 15 

-0.75 

Head  Length 

0. 79 

0.08 

0.  14 

-  0. 03 

0.21 

-  0.85 

Percentage  of  Total  Variance 

78 

38 

16 

r 

8 

6 

*  Denotes  character  shared  by  two  or  more  foctors 
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TABLE  XXV.  A  Factor  Anal/ti$  for  All  Combinotiori*  of  Growth  Periods  Plus  Yield  Components  ond  Lodging  for  1974 


Factors 


Communolities 

1 

2 

3 

4 

5 

Foctor  1:  Developrrrent  and  Lodging  up  to  Anthesis 

Days  from  Seeding  to  Heeding  (A  +  B  +  C) 

0.96 

0.96 

0.04 

0.25 

-0.01 

-0.29 

Doys  from  Seeding  to  Ripe*  (A  +  B  C  D)* 

0.99 

0.72 

0. 14 

0.64 

0.08 

-  0. 18 

Doys  from  Emergence  to  Heading  (B  C) 

0.97 

0.92 

-  0.02 

0.20 

-  0.02 

-0.27 

Doys  from  Emergence  to  Ripe*  (B  C  *  D)* 

0.99 

0.76 

0.09 

0.61 

0.08 

-0.17 

Days  from  Intemode  Elongation  to  Heodirsg  (C) 

0.94 

0.90 

0. 11 

0.21 

0.15 

-0.24 

Doys  from  IE  to  Ripe*  (C  D) 

0.98 

0.69 

0.20 

0.63 

0.21 

-  0. 26 

Combinotion  A  +  C 

0.93 

0.86 

0.18 

0.27 

0. 16 

-  0.26 

Combination  A  +  C  D* 

0.97 

0.65 

0. 24 

0.65 

0.21 

-0.15 

Lodging  date  1 

0.81 

0.87 

-  0. 10 

-0.  17 

-  0.08 

0.02 

Lodging  dote  2 

0.88 

0.87 

-0.  13 

-  0.25 

-  0.05 

0. 19 

Lodging  date  3 

0.73 

0.71 

-  0.25 

-  0.23 

0.02 

0.32 

Factor  2:  Generally  Lodging  after  Anthesis 

Days  from  Seeding  to  Emerge  nee**  (A) 

0.71 

-  0.31 

0.58 

0.50 

0.05 

-  0.  16 

Lodging  dote  4 

0.88 

-0.15 

-  0.91 

-  0. 16 

-  0.03 

0.05 

Lodging  date  5 

0.86 

-  0.04 

-  0.91 

-  0. 18 

-  0.07 

-  0.03 

Lodging  date  6 

0.92 

-  0.00 

-0.96 

0.00 

-  0.00 

-  0.06 

Lodging  date  7 

0.94 

-  0.07 

-  0.96 

-0.10 

0.02 

-  0.01 

Lodging  dote  8 

0.76 

0.05 

-0.80 

-  0. 24 

-0.22 

0.08 

Factor  3:  Growth  plus  Assimilation  Period 

Days  from  Seedir^g  to  Emergence**  (A) 

0.71 

-  0.31 

0.58 

0.50 

0.05 

-  0. 16 

Doys  from  Seeding  to  Ripe*  (A  B  C  "t"  D) 

0.99 

0.72 

0. 14 

0.64 

0.08 

-0.18 

Days  from  Emergence  to  Ripe*  (B  C  *  D) 

0.99 

0.76 

0.09 

0.61 

0.08 

-  0.  17 

Days  from  IE  to  Ripe  (C  +  D) 

0.98 

0.69 

0.20 

0.63 

0.21 

-  0. 14 

Days  from  Heading  to  Ripe  (D) 

0.95 

0.01 

0.22 

0.92 

0.  19 

0.  10 

Combination  A  +  D 

0.97 

-  0.04 

0.30 

0.92 

0. 18 

0.06 

Combinotion  B  *  D 

0.94 

0.20 

0.03 

0.94 

-0.08 

0.02 

Combination  A  +  B  +  D 

0.96 

0. 14 

0. 12 

0.96 

0.06 

-  0.01 

Combination  A  +  C  "*■  D* 

0.97 

0.65 

0. 24 

0.65 

0.21 

-  0. 14 

Factor  4:  Early  Growth  and  Vegetative  Contributions  to  Yield 

Doys  from  Seedirrg  to  Intemode  Elongation  (A  +  B) 

0.83 

0. 37 

-  0.25 

0.27 

-  0.69 

-0.29 

Days  from  Emergence  to  IE  (B) 

0.86 

0. 45 

-  0.46 

0. 02 

-  0.63 

-  0.  19 

Height 

0.49 

0.11 

0.07 

-  0.07 

0.68 

-  0.00 

No.  of  Heads  per  1.2  m  sample*** 

0.65 

-0.11 

0.07 

0. 12 

-  0.58 

0.53 

Head  Length 

0.68 

0.17 

0.  n 

0. 17 

0.78 

-  0.08 

No.  of  Secondary  Tillers 

0.67 

-  0. 18 

0.30 

-  0. 23 

-  0.70 

-0.  3 

Yield 

0.85 

-  0.41 

0.46 

0. 24 

0.64 

0. 10 

Foctor  5:  Yield  Components 

No.  of  Plonts  per  1.2  m  sample 

0.46 

-  0.21 

0. 09 

0. 17 

-0.01 

0.61 

n 

-  0. 11 

0.07 

0. 12 

-  0.58 

0.  53 

No.  of  Heads  per  1.2  m  sample 

W  • 

Habit  at  IE 

0.54 

-  0.08 

0.08 

0.47 

0.01 

-  0. 55 

ft  17 

0. 19 

ft  <^9 

0.02 

-  0.21 

-0.62 

1000  Kernel  Weight 

Percentoge  of  Totol  Vorionce 

81 

33 

23 

10 

10 

5 

**♦  Denote  character  shored  by  two  or  more  foctors 
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Table  XIX  to  f  ive.  Here/  a  larger  number  of  variables  were  shared  by  one  or  more 
factors/  and  the  groupings  were  not  as  clear-cut.  Generally  however/  the  first  factor 
remained  similar  with  the  inclusion  of  those  combinations  containing  period  C/  os 
well  as  the  first  three  lodging  dates  which  occurred  before  heading  time.  This  factor 
made  up  33%  of  the  total  variance.  Period  A  was  fairly  evenly  distributed  between 
the  second  and  third  factors.  In  factor  two  it  was  grouped  with  lodging  dates  4  to  8 
to  account  for  23%  of  the  variance.  In  factor  three/  it  was  again  included  with 
period  D  and  its  combinations  to  give  a  grouping  similar  to  the  second  factor  in 
Table  XIX  to  make  up  10%  of  the  variance.  Factor  four  included  time  to  Internode 
Elongation  and  yield/  similar  to  factor  three  in  Table  XIX/  but  also  included  height/ 
rumber  of  heads/  head  length/  and  number  of  secondary  tillers  to  make  up  10%  of  the 
total  variance.  The  remaining  factor  (five)  grouped  together  the  yield  components 
number  of  plants/  number  of  heads/  kernel  weight/  and  habit/  to  make  up  5%  of  the 
variation.  Communalities  were  again  generally  lower  and  ranged  from  0.46  for  number 
of  plants  to  0.  99. 

iii.  Stepwise  Multiple  Regression 

In  the  first  set  of  equations  yield  was  regressed  on  the  individual  growth 
periods  resulting  in  28,  43  and  41%  of  the  variation  being  accounted  for  in  1972,  1973 
and  1974  respectively  (Table  XXVI).  The  growth  periods  entered  the  equations  in  dif¬ 
ferent  sequences  and  all  periods  (A,  B,  C,  D)  were  highly  significant.  The  equations 
obtained  were: 

1972:  Yi  =  -0.21  +  0. 09Xi  +  0.  MXs  -  0. 60  X3  +  0. 07X4 


where  Xi,  X2/  X3,  and  X4are  growth  periods  D,  B,  A,  and  C,  respectively. 
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TABLE  XXVI.  Partial  Regression  Coefficients  of  Characters  from  Growth  Room 
Data  (1971-72),  and  Field  Data  (1973,  1974)  on  Yield  in  the 
Order  Introduced  in  the  Stepwise  Multiple  Regression.  Charac¬ 
ters  Include  the  Four  Growth  Periods 


Year 

n 

Step  4 

X 

1971-72 

144 

Days  from  Heading  to  Ripe  (D) 

0.09** 

48.9 

Days  from  Emergence  to  Internode  Elongation 

(B)  0.  14** 

20.0 

Days  from  Seeding  to  Emergence  (A) 

-  0.60** 

8.5 

Days  from  IE  to  Heading  (C) 

0.07** 

27.7 

Intercept 

-  0.21 

R^ 

0.28 

1973 

152 

Days  from  Heading  to  Ripe  (D) 

8.39** 

46.4 

Days  from  IE  to  Heading  (C) 

6.49** 

12.5 

Days  from  Emergence  to  IE  (B) 

-  6.48** 

31.3 

Days  from  Seeding  to  Emergence  (A) 

-  8.23** 

7.4 

Intercept 

-  45. 62 

R^ 

0. 43 

1974 

169 

Days  from  Emergence  to  IE  (B) 

-  86. 15** 

19. 1 

Days  from  Heading  to  Ripe  (D) 

17.52** 

44.8 

Days  from  IE  to  Heading  (C) 

-  10.67** 

24.4 

Days  from  Seeding  to  Emergence  (A) 

66.66** 

6.2 

Intercept 

1478.59 

R^ 

0.41 

** 


Significant  at  the  1  per  cent  level 
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1973:  Ys  =  +0.43  +  8.39X1-^6.49X2-6.48X3-8.23X4 

where  Xi/  Xg/  X3/  and  X4  represent  growth  periods  D/  C/  B/  and  A,  respectively. 

1974:  Y3  =  1478.59  -  86.  15X1  +  17.52X2  -  10.67X3  +66.66X4 

where  Xu  X^r  X3,  and  X4  represent  the  growth  periods  B,  D,  C/  and  A,  respectively. 

It  should  be  noted  that  in  1972  period  A  and  in  1973  periods  A  and  B  had 
a  negative  influence  on  yield,  while  in  1974  the  length  of  periods  B  and  C  had 
negative  influences  on  yield. 

The  second  set  of  equations  regressed  the  grain  yield  on  all  combinations  of 
growth  periods  and  stages.  The  addition  of  combinations  does  not  change  the  percentage 
of  yield  accounted  for  over  the  individual  growth  periods,  though  different  variables 
were  entered.  In  1972  the  combination  (B  +  C  +  D)  and  period  A  were  included  in  the 
equation  to  account  for  28%  of  the  variation  in  grain  yield  (Table  XXVII).  The  a- 
mount  of  variation  in  yield  accounted  for  in  1973  (Table  XXVIII)  increased  to  42%  with 
the  inclusion  of  the  periods  of  growth  (C  +  D)  and  (A  B  +  C  +  D)  into  the  equation. 

In  1974  41%  of  the  variation  in  the  grain  yield  was  due  to  the  period  of  growth  (B  +  C) , 
the  combination  (A  +  D)  and  the  period  of  growth  (B  +  C  +  D)(Table  XXIX). 

Upon  entry  of  the  morphological  characters  as  independent  variables  along 
with  the  individual  growth  periods,  the  percentage  of  grain  yield  accounted  for  rose 
to  33,  83,  and  64%  over  the  three  years.  As  the  only  extra  variables  added  in  1972 
were  height  and  headlength  (Table  XXX)  there  is  still  a  large  portion  of  the  variability 
in  yield  unaccounted  for.  In  1972  the  characters  height,  period  D  and  period  A  ac¬ 
counted  for  33%  of  the  variation  in  grain  yield.  Addition  of  all  other  variables  into 
the  equation  explained  an  additional  11%  of  the  yield. 
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TABLE  XXVII.  Partial  Regression  Coefficients  of  Characters  from  Growth 

Room  Data  (1971-72)  on  Yield  in  the  Order  Introduced 
in  the  Stepwise  Multiple  Regression!,  Characters  Include 
Growth  Periods  and  Stages,  and  All  Combinations  of 
Periods,  (n  =  144) 


Step  2 

Step  4 

X 

Days  from  Emergence  to  Ripe  (B  +  C  +  D) 

0. 10** 

0. 07** 

97.3 

Days  from  Seeding  to  Emergence  (A) 

-  0.61** 

-  0.68** 

8.5 

Days  from  Seeding  to  IE  (A  +  B) 

0.08 

29.3 

Days  from  Heading  to  Ripe  (D) 

0.02 

48.9 

Intercept 

-0.31 

-  0.21 

R^ 

0.28 

0.29 

** 


Significant  at  the  1  per  cent  level 
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TABLE  XXVIII.  Partial  Regression  Coefficients  of  Characters  from  Field  Data  (1973) 

on  Yield  in  the  Order  Introduced  in  the  Stepwise  Multiple  Regression. 

Characters  Include  All  Growth  Periods  and  Stages,  and  All 
Combinations  of  Periods  (n  =  152) 


Step  2 

Step  7 

X 

Days  from  Internode  Elongation  to  Ripe  (C  +  D) 

14. 73** 

-  126.17 

58.9 

Days  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 

-  7.52** 

-  149.  19** 

97.5 

Combination  (B  +  D) 

321.87 

77.6 

Combination  (A  +  C) 

423.05 

19.9 

Days  from  Seeding  to  Heading  (A  +  B  +  C) 

-  141.33 

51. 1 

Days  from  Seeding  to  Emergence  (A) 

-  103.48 

7.4 

Combination  (A  +  B  +  D) 

-  37.79 

85.0 

Intercept 

27.10 

-  57.72 

R^ 

0.42 

0.44 

Significant  at  the  1  per  cent  level 
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TABLE  XXIX.  Partial  Regression  Coefficients  of  Characters  from  Field  Data  (1974) 
on  Yield  in  the  Order  Introduced  in  the  Stepwise  Multiple  Regression. 
Characters  Include  All  Growth  Periods  and  Stages,  and  All 
Combinations  of  Period  (n  =  169) 


Step  3 

Step  4 

X 

Days  from  Emergence  to  Internode  Elongation  (B) 

-  79. 15** 

-  37.01 

19.  1 

Combination  (A  +  D) 

31.47** 

28.20 

51.0 

Days  from  Emergence  to  Ripe  (B  +  C  +  D) 

-  11.27** 

-  49.  14 

88.3 

Days  from  Seeding  to  Heading  (A  +  B  +  C  +  D) 

38.47 

94.5 

Intercept 

1673.34 

1478.58 

R^ 

0.41 

0.41 

** 


Significant  at  the  1  per  cent  level 
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TABLE  XXX.  Partial  Regression  Coefficients  of  Characters  from  Growth 
Room  Data  (1971-72)  on  Yield  in  the  Order  Introduced  in 

the  Stepwise  Multiple  Regression.  Characters  Include  the  Four 
Growth  Periods,  Height,  and  Head  Length  (n  =  144). 


Step  3 

Step  6 

X 

Height 

0. 09** 

0.07 

109.0 

Days  from  Heading  to  Ripe  (D) 

0.  12** 

0.  12 

48.9 

Days  from  Seeding  to  Emergence  (A) 

-  0.64** 

-  0.61 

8.5 

Head  Length 

0.21 

6.5 

Days  from  Emergence  to  IE  (B) 

0.05 

20.0 

Days  from  IE  to  Heading  (C) 

0. 00  (3) 

27.7 

Intercept 

-  6.  17 

-  6.88 

R^ 

0.33 

0.44 

Significant  at  the  1  per  cent  level 
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The  inclusion  of  the  eleven  variables/  number  of  heads/  period  D/  kernel 
weight,  head  length,  lodging  date  2,  height,  habit,  test  weight,  number  of  plants, 
period  C,  and  lodging  date  4,  accounted  for  a  much  greater  portion  of  the  variability 
in  yield  in  1973  (Table  XXXI).  This  was  increased  only  an  extra  2%  by  the  introduc¬ 
tion  of  the  remaining  variables  into  the  equation. 

The  accounted  variation  in  yield  in  1974  (Table  XXXII)  dropped  from  the 
previous  year  with  the  inclusion  of  the  ten  variables;  period  B,  lodging  date  5,  period 
C,  height,  period  D,  lodging  date  1,  head  length,  number  of  plants,  lodging  date  8, 
and  number  of  heads.  Addition  of  the  remaining  variables  into  the  equation  resulted 
in  explaining  an  additionol  2%  of  the  variation  in  yield. 

The  final  set  of  equations  involves  grain  yield  being  dependent  on  all  the 
growth  periods,  stages,  and  their  combinations,  and  all  the  morphological  characters 
(Table  XXXIII).  This  resulted  in  40%  of  the  variation  in  grain  yield  being  accounted 
for  by  period  D,  height,  the  growing  period  (A  +  B  +  C)  and  period  A.  Introduction 
of  the  remaining  variables  into  the  equation  succeeded  in  explaining  an  additional 
2%  of  the  variation  in  yield. 

The  entry  of  these  extra  variables  into  the  1973  equations  (Table  XXXIV)  did 
not  explain  any  additional  variation  in  grain  yield.  83%  of  the  yield  was  accounted 
for  by  eleven  variables,  most  of  which  remained  unchanged  from  the  previous  1973 
equation.  An  exception  was  the  replacement  of  period  C  with  the  growing  period 
(C  +  D).  Introduction  of  the  remaining  variables  accounted  for  an  additional  3%  of  the 
variation  in  yield. 

In  1974  as  well  (Table  XXXV),  the  explainable  variation  in  grain  yield  re¬ 
mained  at  65%,  which  was  an  increase  of  1%  with  the  inclusion  of  period  combinations 
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TABLE  XXXI.  Partial  Regression  Coefficients  of  Characters  from  Field  Data  (1973) 
on  Yield  in  the  Order  Introduced  in  the  Stepwise  Multiple  Regression. 
Characters  Include  the  Four  Growth  Periods  Plus  Morphological 
Characters  and  Lodging  Notes  (n  =  152) 


Step  1 1 

Step  17 

X 

Number  of  Heads  per  1.2  m  sample 

0.  96** 

0.93** 

96.0 

Days  from  Heading  to  Ripe  (D) 

6. 17** 

5.88** 

46.4 

1000  Kernel  Weight 

2.45** 

2.57** 

35.4 

Head  Length 

7.75** 

6.65** 

6.8 

Lodging  date  2 

11.50** 

4.  85 

1.3 

Height 

0.59** 

0.59** 

92.3 

Habit  at  Internode  Elongation 

8.30** 

11.54** 

2.7 

Test  Weight 

0. 98** 

0.74** 

60.9 

Number  of  Plants  per  1.2  m  sample 

1.74** 

2.02** 

23.3 

Days  from  IE  to  Heading  (C) 

0.79** 

2. 99** 

12.5 

Lodging  date  4 

-  3.32** 

-  3.45 

4.2 

Lodging  date  1 

-  11. 12** 

1.7 

Days  from  Seeding  to  Emergence  (A) 

-  5. 97** 

7.4 

Number  of  Secondary  Tillers  per  1.2  m  sample 

-0.19** 

43. 1 

Days  from  Emergence  to  VI  (B) 

-  1.75** 

31.3 

Lodging  date  3 

4. 78** 

1.9 

Lodging  date  5 

0.29 

4.6 

Intercept 

532.59 

-  418.48 

R^ 

0.  83 

0.85 

** 


Significant  at  the  1  per  cent  level 
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TABLE  XXXII.  Partial  Regression  Qjefficients  of  Characters  from  Field  Data  (1974) 

on  Yield  in  the  Order  Introduced  In  the  Stepwise  Multiple  Regression. 
Characters  Include  the  Four  Growth  Periods  Plus  Morphological 
Characters  and  Lodging  Notes  (n  =  169) 


Step  10 

Step  2C) 

X 

Days  from  Emergence  to  Internode  Elongation  (B) 

-  45.  33** 

-48.46** 

19.1 

Lodging  date  5 

-  44.47** 

-20.09 

2.2 

Days  from  IE  to  Heading  (C) 

-  12. 94** 

-  12.43** 

24.4 

Height 

6.08** 

5.49** 

85.6 

Days  from  Heading  to  Ripe  (D) 

12.01** 

8.53** 

46.8 

Lodging  date  1 

-  24. 13** 

-  16.58** 

2.0 

Head  Length 

50. 69** 

49. 58** 

6.0 

Number  of  Plants  per  1.2  m  sample 

4.42** 

5.70** 

39.6 

Lodging  date  8 

-  19.91** 

-  3.22 

6. 1 

Number  of  Heads  per  1.2  m  sample 

-  1.17* 

-  1.24** 

116.2 

Number  of  Secondary  Tillers  per  1.2  m  sample 

-  1.15 

19.0 

Lodging  date  4 

-  14.94 

3.7 

1000  Kernel  Weight 

3.71 

38. 1 

Test  Weight 

3.67 

57.7 

Lodging  date  7 

-  19.67 

3.0 

Lodging  date  2 

-  14.90 

2.0 

Habit  at  Internode  Elongation 

-  8.53 

2.8 

Lodging  date  3 

-  7.50 

1.6 

Days  from  Seeding  to  Emergence  (A) 

6.96 

6.2 

Intercept 

824. 10 

728. 67 

R^ 

0.64 

0.66 

Significant  at  the  5  per  cent  level 
Significant  at  the  1  per  cent  level 
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TABLE  XXXIII.  Partial  Regression  Gjefficienis  of  Characters  from  Growth  Room 

Data  (1971/72)  on  Yield  in  the  Order  Introduced  in  the  Stepwise 
Multiple  Regression.  Characters  Include  All  Growth  Periods  and 
Stages,  Combinations  of  Periods,  Height  and  Head  Length  (n  =  144) 


Step  4 

Step  10 

X 

Days  from  Emergence  to  Ripe  (B  +  C  +  D) 

0.  12** 

-2.71 

97.3 

Height 

0.09** 

0.07** 

109.0 

Days  from  Seeding  to  Heading  (A  +  B  +  C) 

-  0. 11** 

-  8.25 

56.9 

Days  from  Seeding  to  Emergence  (A) 

-  0.53** 

-  3.90 

8.5 

Head  Length 

0.21 

6.5 

Combination  (B  +  D) 

9.  89 

68.9 

Combination  (A  +  C) 

9.  84 

36.2 

Days  from  Heading  to  Ripe  (D) 

-  8.76 

48.9 

Combination  (A  +  D) 

0.57 

57.4 

Days  from  Seeding  to  Ripe  (A  +  B  +  C  +  D) 

1.  13 

105.9 

Intercept 

-  6.23 

-  6.88 

R^ 

0.40 

0.44 

Significant  at  the  1  per  cent  level 
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TABLE  XXXIV.  Partial  Regression  Coefficients  of  Characters  from  Field  Data 

(1973)  on  Yield  in  the  Order  Introduced  in  the  Stepwise 
Multiple  Regression.  Characters  Include  All  Growth  Periods 
and  Stages,  Combinations  of  Periods,  Morphological 
Characters,  and  Lodging  Notes  (n  =  152) 


Step  1 1 

Step  19 

X 

Number  of  Heads  per  1.2  m  sample 

0.96** 

0.77** 

96.0 

Days  from  Heading  to  Maturity  (D) 

5. 38** 

1250.  30** 

46.4 

1000  Kernel  Weight 

2.45** 

2.74** 

35.4 

Head  Length 

7.75** 

8. 10** 

6.8 

Lodging  date  2 

11.50** 

0.74 

1.3 

Height 

0.59** 

0. 32** 

92.3 

Test  Weight 

0. 98** 

0.  95** 

60.9 

Habit  at  Internode  Elongation 

8. 30** 

9.43** 

2.7 

Lodging  date  4 

-  3.32** 

-  1.92 

4.2 

Number  of  Plants  per  1.2  m  sample 

1.74** 

2.62** 

23.3 

Days  from  IE  to  Ripe  (C  +  D) 

0.79** 

-  3227.06** 

58.9 

Lodging  date  1 

-14.  35** 

1.7 

Days  from  Seeding  to  Maturity  (A  +  B  +  C  +  D) 

-  337.25** 

97.5 

Combination  (A  +  C) 

327. 84** 

19.9 

Days  from  Emergence  to  Heading  (B  +  C) 

919. 52** 

43.8 

Days  from  Emergence  to  Ripe  (B  +  C  +  D) 

-  584. 45** 

90.1 

Lodging  date  3 

8.35** 

1.9 

Number  of  Secondary  Ti Hers  per  1.2m  sample 

-  0. 13 

43.1 

Lodging  date  5 

-  0.38 

4.6 

Intercept 

532. 59 

-  405. 54 

R^ 

0.83 

0. 86 

Significant  at  the  1  per  cent  level 
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TABLE  XXXV.  Partial  Regression  G)efficients  of  Characters  from  Field  Data  (1974) 
on  Yield  in  the  Order  Introduced  in  the  Stepwise  Multiple  Regression. 
Characters  Include  All  Growth  Periods  and  Stages,  Combinations  of 
Periods,  Morphological  Characters  and  Lodging  Notes  (n  =  169). 


Step  10 

Step  23 

X 

Days  from  Internode  Elongation  to  Heading  (C) 

-  24.56** 

-  29.  n 

24.4 

Lodging  date  5 

-  43.59** 

-  20.09 

2.2 

Days  from  Emergence  to  IE  (B) 

-  44.21** 

-  306. 02 

19. 1 

Height 

6. 12** 

5.49** 

85.6 

Combination  (A  +  C  +  D) 

11.59** 

182.33 

75.4 

Head  Length 

50. 90** 

49.55** 

6.0 

Lodging  date  1 

-  23.62** 

-  16.57** 

2.0 

Number  of  Plants  per  1 . 2  m  sample 

4.35** 

5.70** 

39.6 

Lodging  date  8 

-  19.32** 

-  3.23 

6.  1 

Number  of  Heads  per  1.2m  sample 

-  1.14** 

-  1.24** 

116.2 

Number  of  Secondary  Tillers  per  1.2  m  sample 

-  1.  15 

19.0 

Lodging  date  4 

-  14.94 

3.7 

1000  Kernel  Weight 

3.71 

38. 1 

Test  Weight 

3.66 

57.7 

Lodging  date  7 

-  19.66 

3.0 

Lodging  date  2 

-  14.89 

2.0 

Habit  at  Internode  Elongation 

-  8.54 

2.8 

Lodging  date  3 

-  7.50 

1.6 

Combination  (A  +  C) 

-  212.41 

30.7 

Days  from  Emergence  to  Heading  (B  +  C) 

220. 53 

43.5 

Days  from  IE  to  Ripe  (C  +  D) 

-  173.78 

69.2 

Lodging  date  6 

-  2.44 

3.4 

Days  from  Seeding  to  IE  (A  +  B) 

37.02 

25.3 

Intercept 

738. 69 

728. 32 

R^ 

0.65 

0.66 

**  Significant  at  the  1  per  cent  level 
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into  the  equation.  In  this  cose,  however,  the  equation  was  slightly  altered  from 

Table  XXXII  as  growth  periods  C  and  D  were  replaced  with  the  growing  period 
(B  +  C)  and  the  combination  (A  +  C  +  D).  All  other  variables  that  were  entered  as 
contributing  to  yield  remained  the  same  as  Table  XXXII.  Introduction  of  these  re¬ 
maining  variables  into  the  equation  resulted  in  an  increase  of  1%  in  the  variation 
of  yield. 

It  should  be  noted  that  height  and  period  D  (or  a  corresponding  combination) 
were  the  only  variables  in  common  that  were  included  for  all  three  years.  In  addition, 
number  of  heads,  head  length,  number  of  plants,  and  lodging,  were  included  in  com¬ 
mon  as  being  responsible  for  grain  yield  in  the  two  field  years. 
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DISCUSSION 

I.  HOMOGENEITY  OF  LINES 

Lack  of  homogeneity/  shown  to  be  present  in  twenty  of  the  thirty-two 
families/  was  first  detected  when  the  material  was  grown  in  a  growth  chamber  in 
the  winter  of  1971-72.  Here/  the  material  when  received  was  grown  as  the  thirty- 
two  samples  with  five  replicates  of  supposedly  genetically  identical  material.  When 
significant  differences  were  found  within  a  number  of  samples  it  was  suggested  that 
the  material  be  analyzed  using  two  separate  procedures: 

1.  Where  the  material  was  treated  as  thirty-two  different  samples  with 
five  replicates  grouped  to  form  means  of  these  thirty-two  families. 

2.  Supposing  genetic  differences  between  the  replicates  within  a 
family/  each  line  was  treated  as  a  separate  sample  and  analyzed 
as  ungrouped  data. 

This  method  of  analysis  was  performed  for  all  three  years'  material/  and  all 
results  from  the  grouped  and  ungrouped  data  were  compared.  As  the  two  sets  of  results 
differed  in  many  instances/  it  was  concluded  that  genetic  differences  were  present 
within  some  of  the  farjiilies/  and  the  ungrouped  analysis  was  accepted.  The  conclu¬ 
sion  was  further  supported  by  the  application  of  a  Duncan's  analysis  to  the  means  of  the 
two  1974  replicates.  Here/  lines  showing  genetic  differences  from  their  families  for 
specific  characters  were  isolated. 

This  lack  of  homogeneity  was  not  detected  when  the  material  was  first  selec¬ 
ted  from  the  World  Barley  Collection/  as  the  samples  were  entered  as  genetically  pure 
lines.  It  was  not  until  the  material  was  grown  either  under  controlled  conditions  or  in  a 
northern  environment  that  the  differences  became  evident.  Paris  and  Guitard  (1969)  and 
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Guitard  (1960),  working  with  the  barley  varieties  Olli  and  Vantage,  found  inter¬ 
actions  of  the  varieties  with  photoperiod  and  temperature,  affecting  the  length  of 
the  growth  phases  as  well  as  the  yield  components.  It  is  suggested  that  this  inter¬ 
action  with  northern  photoperiods  and  temperatures  has  allowed  genetic  differences 
that  were  not  evident  further  south  to  become  clear.  A  comparison  of  Table  II  and 
Appendix  I  shows  that  many  of  the  lines  displaying  a  larger  number  of  within  family 
differences  are  of  tropical  origin  (Ethiopia,  Turkey,  and  Iran). 

II.  RELATIONSHIPS  OF  GROWTH  PERIODS  AND  STAGES 

i.  Period  of  Emergence 

A  comparison  of  the  ranges,  means  and  variances  of  the  growth  periods 
showed  some  interesting  differences  among  the  three  years.  Period  A  began  this 
sequence  of  differences  by  displaying  the  smallest  range  between  the  families  in  1974. 
The  mean  number  of  days  for  emergence  in  this  year  was  smaller  as  well.  A  comparison 
of  the  mean  daily  temperatures  for  period  A  among  the  years  showed  that  the  growth- 

I 

room  and  1973  field  material  had  temperatures  of  15.5°C  and  16.  7®C,  and  showed  a 
much  greater  genetic  variability  between  the  families.  In  1974,  however,  there  was  a 
mean  daily  temperature  of  10.  1°C  accompanied  by  a  loss  of  variability  betwen  the 
families  (all  families  emerged  over  a  period  of  three  days).  Paris  (1967)  has  stated 
that  time  to  germinate  is  extremely  sensitive  to  different  temperatures,  with  lower  tem¬ 
peratures  (below  12°C)  magnifying  the  importance  of  varietal  differences.  This  is  in 
direct  opposition  to  the  reduction  of  variability  found  in  the  lower  air  temperatures  of 
1974.  As  the  material  for  1974  was  grown  under  field  conditions,  it  is  likely  that  en¬ 
vironmental  factors  such  as  soil  temperature  and  moisture  content  played  an  overriding 
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role  in  determining  the  reduced  variability.  Coefficients  of  variation  for  this  period 
remained  low  (  <15%),  indicating  that  most  of  the  variability  was  accounted  for  by  the 
different  families.  Associations  between  the  growthroom  and  field  years  for  this  period 
are  also  quite  low,  a  factor  which  may  be  explained  by  variation  in  such  environmental 
variables  as  seeding  depth  and  soil  moisture  and  temperature. 

Paris  (1967)  has  indicated  that  a  short  period  from  seeding  to  emergence  is 
desirable  in  northern  climates,  as  this  leads  to  earlier  establishment  and  earlier  matura¬ 
tion  of  the  crop.  However,  in  the  present  case,  correlations  for  period  A  with  total 
time  to  mature  were  low  for  all  three  years.  There  was  a  significant  and  positive  re¬ 
lationship  present  between  the  lengths  of  periods  A  and  D.  It  seems  here  that  varieties 
that  take  longer  to  emerge  also  tend  to  have  a  longer  ripening  period.  Relationships 
are  lacking  between  the  time  to  emerge  and  the  length  of  the  periods  of  floral  develop¬ 
ment,  which  would  indicate  that  the  emergence  time  does  not  influence  the  floral  de¬ 
velopment  of  the  plant  to  any  great  extent.  Paris  (1967)  indicated  that  different 
varieties  tend  to  retain  their  ranking  in  germination  time  over  a  large  range  of  tempera¬ 
tures.  Therefore,  it  was  of  interest  to  discover  whether  the  families  in  this  project 
would  retain  their  ranking  over  the  three  years,  and  whether  they  would  retain  this 
ranking  in  the  length  of  period  D  as  well.  It  was  found  that  the  families  retained 
their  ranking  in  period  A  for  the  three  years.  However,  upon  comparison  with  period 
D  it  was  found  that,  while  a  few  of  the  families  retained  the  top  or  bottom  positions  in 
common  with  period  A,  generally  the  pattern  of  ranking  was  not  maintained  for  the 
three  years. 
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Correlations  between  time  to  emerge  and  yield  were  non-significant  with 
the  exception  of  the  1974  field  data  (Table  XIII). 

ii.  Period  of  Vegetative  and  Floral  Development 

Period  B  also  displayed  a  large  decrease  in  the  number  of  days  over  which 
it  ranged  among  the  three  years.  The  longest  ranges  here  were  shown  in  the  growth- 
room  and  the  1973  material.  There  was  a  dramatic  reduction  in  range  in  1974,  though  the 
mean  number  of  days  taken  by  period  B  was  similar  in  1972  and  1974.  This  is  reflected 
in  the  higher  correlations  between  growthroom  and  1973  material  for  this  period.  The 
1973  material  showed  a  much  longer  mean  for  period  B.  These  differences  cannot  be 
readily  explained  by  temperature  variation,  because  mean  daily  temperatures  for  the 
period  over  the  three  years  were  similar  at  15.5°C,  14.  3°C,  and  14.  1°C,  respectively. 
However,  a  late  frost  that  occurred  about  one  week  after  emergence  in  1974  could 
have  produced  the  effect  of  shortening  the  length  of  this  period  for  some  of  the  families. 

As  period  B  includes  the  period  of  growth  up  to  inflorescence  initiation,  it 
is  likely  that  the  length  of  this  period  could  have  a  significant  effect  on  the  yield  of 
the  crop  by  affecting  the  number  of  kernels  per  head  (Willey  and  Holliday,  1971;  Paris 
and  Guitard,  1969;  and  Rawson,  1970,  1971).  The  results  have  indicated  that  in  the 
years  1972  and  1974,  when  the  mean  number  of  days  taken  by  Period  B  were  almost 
identical,  there  were  significant  associations  between  the  length  of  this  period  and  the 
yield.  However,  in  1972,  the  relationship  was  positive,  while  in  1974  it  was  nega¬ 
tive.  Though  the  1973  mean  was  much  greater,  correlations  with  yield  were  low  and 
insignificant.  A  comparison  of  total  number  of  days  from  seeding  to  internode  elonga¬ 
tion  (A  +  B)  shows  that  there  were  four  fewer  days  in  1974  than  in  1972,  due  to  earlier 
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emergence.  An  explanation  may  be  the  short  range  of  time  over  which  period  B  oc¬ 
curred  in  1974  with  the  completion  of  floral  initiation  being  affected  in  some  families 
by  a  slight  vernalization  requirement  and/or  interaction  between  temperature  and 
photoperiodic  response  to  the  low  temperatures  and  late  frost  (Rawson,  1970,  Syme,  1973). 
This  is  supported  by  Marcellos  and  Single  (1971)  and  Doyle  and  Marcellos  (1974) 
when  they  tested  varieties  of  spring  wheat  in  Australian  winter  conditions  (June  to 
October).  They  found  high  correlations  between  temperature  and  photoperiod  and 
the  duration  of  the  pre-  and  post-initiation  phases,  with  later  planting  (lower  tempera¬ 
tures)  giving  an  overall  reduction  in  the  period  of  development. 

Coefficients  of  variation  for  period  B  were  highest  in  the  growth  chamber 
(>15%),  then  became  quite  low  in  the  field,  indicating  that  variability  shown  among 
the  families  for  this  period  is  reduced  by  field  conditions. 

Relationships  between  period  B  and  the  other  growth  periods  were  generally 
quite  low,  with  the  exception  of  a  significant  association  with  period  C.  This  corre¬ 
lation  was  positive  and  fairly  strong  in  1972  and  1973,  but  was  weakened  to  a  large 
extent  in  1974. 

Growth  period  C  again  showed  the  largest  range  in  1972  and  then  dropped 
to  similar  values  for  the  field  years.  Here  again,  mean  temperatures  for  this  period 
were  similar  in  the  three  years  with  values  of  15.5°C,  14.  8°C,  and  15.6°C,  respec¬ 
tively.  In  1973  there  was  a  much  lower  mean  number  of  days  for  this  period,  though 
the  range  and  variance  were  only  slightly  lower  than  in  1974.  Though  the  mean  tem¬ 
perature  associated  with  this  period  Is  slightly  lower,  extremely  high  temperatures 
(up  to  32.0°C)  were  experienced  in  the  third  week  of  June,  which  may  have  had  the 
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effect  of  hastening  anthesis.  This  is  supported  by  Holse  and  Weir  (1970)  who 
showed  that  high  temperatures  accelerated  development  to  initiation  and  anthesis  in 
wheat. 

Associations  of  period  C  with  the  other  growth  periods  are  generally  low 
and  negative  with  the  exception  of  the  previously  mentioned  correlation  with  period 
B.  Associations  with  total  growing  time  are  highly  significant,  with  extremely  high 
values  shown  in  the  two  field  years.  As  period  C  is  defined  as  the  period  of  floral 
development  (after  initiation)  up  to  heading  (which  in  barley  occurs  just  after  anthesis), 
it  is  in  many  cases  regarded  as  the  most  important  of  the  growth  periods  in  their  rela¬ 
tionships  with  yield.  Willey  and  Holliday  (1971)  stated  that  this  period,  as  part  of  the 
pre-heading  phase  affected  yield  by  altering  the  capacity  of  the  ear  to  accumulate 
carbohydrates,  determined  by  number  of  grains  per  ear.  Rawson  (1970)  showed  that 
the  period  from  floral  initiation  to  terminal  spikelet  formation,  which  is  included  in 
period  C,  is  important  in  determining  the  yield  of  the  cultivars  (wheat)  that  have  no 
vernalization  response.  In  this  study  the  length  of  period  C  had  similar  significant  but 
fairly  low  associations  with  yield.  The  1974  relationship,  however,  was  negative. 
Relationships  of  this  period  with  head  length  in  1972  and  1000  kernel  weight  were 
generally  stronger  than  those  shown  by  any  other  growth  period. 

As  growth  periods  B  and  C  together  comprise  the  total  period  of  floral  develop¬ 
ment  of  a  crop,  many  writers  include  them  together  as  the  pre-heading  phase  (Period 
B  +  C  in  this  study)(Thorne  /  1968;  Willey  and  Holliday,  1971).  In  this  study 
the  length  of  both  the  periods  had  a  high  association  with  total  time  to  maturity,  but 
their  individual  contributions  varied  from  year  to  year,  as  in  1972  period  B  had  the 


brtO vj  :?<n  ib  <>»«» 

(C'fCl' 


Oi  IKW  bc;>r/'.-ni  p« 

.lodfiw 


V^ol  »in  ;  v.^o  ofll  fhl*  :<  »«  ^  ^ 

bohsa  rniw  r.  .h-  i»TOT.  !,»,  sjiVtsm  xltpoi-'o^  aril  'to  noKo^iA--  afH  rt<r«  »v.1o«80  bno 

rigM  vtar«,.1>i---  -<<:w  ,inP5.'-8i«  m.’pi=oaA  .8 

toicli  k.  btl*'^n  8*  w  bar.iko  !•  D  SoWn  'A  ,i™:^  t.!a::».owt  »(>*  ««  "wo* 

...»  ^  P-  I^lavab 

-ul  .^  varti  m  Iboh^q  .1)  VOTS  v4»  ;<.,tr,p.»qmf  cbf-  .•  H . * bab,rp..  »«:t.  ^onm-ni  ,t  li 

■  .<  ^  '  '  *■ 

«,  n«,  «;  -.'rt  b»ki,  (n^-1  ^:w  wlH^oil 

,»lumu»=o  0.  1..S  arft  k  Vi;-o<,ob  e*  ««.••«  .'Ij  ,i;bkN. 
toHl  b»T.o«  rOWt,^  rxK'-/pS*  .Wx.,  lap  in.oie  'o  tadmw..  baolm^tw  .»«nbxrfo*M 
o>  batvlppi  ri  It.  .r",^  bt  no-wiHoi  Imoll  «o.l  i»ii«-^  »Hl 

OP  o.,t,^  lorff  PiH  >t  b1.,^  ^rit  »i 

•  ■  ,  .  i*.. 

f„b  1nv=!tl«e5«  3  '*'5^'’*''  .aiopc.*v-,olmj^iiv 

.avi*»«.n®«\«v.  •*«=<'  V«.'  ^ril  .b\.  ( 

T» 

•Tiw  ♦.<si»w  'a-xia.  -'-'CI  O'  c  W(  a-  l«!.lt.;  boart-'l*,'-'  boii-.«j  k  ^,W,noliola8 

.K  *r5Kj  rttw.nc  laf^to  \ao  rrw<>He  9^ii  ncrit  \(J  liSi’ftyaS' 

innate  k  M  telol  i>ui  o*  :i4  8  rlfc^c  ^  ?A 

hJ*  .  ' 

bola*?!  »»ifc|  antbf. -t-tiq  -1^1  ®  ’a4kt.x>l  mi»*1  aUubni  yfiaffi  .q«w  «  >o  mam 

Xbolt  nl  .U^l  <xob»!«M ‘-bn  y*.li'\V  \Wf  fr.  a'.-.ryfT.rx'buU  r4l  nO+^8 
tu«l  .yliivitom  al  amil  !c»d»  '^iw  rtoi;tboi»o  fl,6<.l  o  bori  afh  mod  4o  iUbpoI  »Hi 

boH  a  boiife'i  n\  to  ,yo»\  ic^\  b^i-^v  Myrtn^htil^  iooblvlbnl 


>; 


A 

c 


f 


„■  .-^’l 


96 


strongest  association,  while  in  1973  and  1974  the  greatest  contribution  was  supplied  by 
period  C.  Therefore  it  is  not  surprising  that  the  combined  relationship  of  (B  +  C)  with 
total  time  was  almost  identical  for  all  three  years.  Also,  a  look  at  the  ranges  covered 
by  the  two  periods  for  the  three  years  reveals  some  interaction  between  them,  for  the 
sum  of  these  ranges  in  each  case  is  far  greater  than  those  covered  by  the  combined 
period  (B  +  C). 

Period  C  showed  the  greatest  amount  of  variation  of  any  of  the  growth  periods 
or  stages  with  CV's  being  extremely  high  (>20%)  for  all  three  years.  The  variation  that 
was  shown  by  period  B  in  the  growth  chamber  dropped  in  the  field  years,  while  the  vari¬ 
ability  shown  by  period  C  remained  extremely  high  in  the  field.  The  interaction  between 
period  B  and  C  mentioned  before  became  evident  in  the  combined  phase  (B  +  C),  for 
variability  in  the  growth  chamber  dropped,  while  values  in  the  field  maintained  a  value 
somewhere  between  B  and  C.  Also,  periods  C  and  (B  +  C)  showed  the  most  consistent 
relationships  when  the  three  years  were  compared  (Table  XVI). 

Aksel  and  Johnson  (1961)  found  a  close  relationship  between  the  length  of 
pre-  and  post-heading  phases.  They  associated  a  long  first  phase  (sowing  to  heading) 
with  a  short  second  period  (heading  to  ripe)  and  vice  versa.  This  strong  association 
did  not  occur  in  the  present  experiment,  as  the  only  negative  significant  relationship 
with  period  D  occurred  in  1973,  and  it  was  not  extremely  high.  Aksel  and  Johnson 
(1961),  Beech  and  Norman  (1971),  and  Rao  (1972)  all  showed  that  the  length  of  the 
pre-heading  phase  accounted  for  a  significant  portion  of  the  variation  in  cereal  yield. 
These  strong  relationships  were  not  found  in  the  present  study  because  associations  of 
the  length  of  the  pre-heading  phase  (B  +  C  and  A  +  B  +  C  were  almost  identical)  with 
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yield  were  significant  only  in  1972  and  1974.  Also,  the  1974  associations  were  nega¬ 
tive  (correlations  between  B  +  C  and  yield  were  0.36**,  0.  12  and  -0.40**,  respec¬ 
tively).  Thus  it  seems  that  only  the  growthroom  material  supported  this  assumption,  and 
then  not  to  any  great  degree.  Associations  with  head  length  and  kernel  weight  were  all 
low  with  significance  occurring  only  in  1973  with  kernel  weight.  Total  time  to  head 
(A  +  B  +  C)  showed  a  lower  relationship  with  time  to  maturity  in  1972  and  similar  values 
in  1973  and  1974,  though  in  all  three  years  there  was  a  strong  positive  relationship  be¬ 
tween  these  two  variables,  supporting  the  close  association  found  by  many  writers,  among 
them  Crumpacker  and  Allard  (1962)  and  Frey  (1954). 

iii.  Post-heading  Period 

As  period  D,  which  includes  the  assimilation  and  ripening  phases  of  the  crop  is 
the  longest,  it  would  be  the  most  likely  to  show  the  greatest  variability  in  length.  As 
mentioned  previously,  Aksel  and  Johnson  (1961)  found  an  inverse  relationship  between 
the  length  of  the  seeding  to  flowering  period  and  the  post-heading  period.  Paris  (1971) 
also  found  a  strong  negative  correlation  between  the  same  two  periods.  This  association 
was  found  to  be  much  weaker  in  the  present  study,  thus  giving  a  possible  explanation  of 
the  lower  amount  of  variation  found  in  this  growth  period;  (CV  values  being  lower  than 
both  period  Band  C).  Mayr  (1969)  showed  that  total  radiation  requirements  in  spring 
wheat  were  variety-specific  before  heading,  but  after  heading  showed  no  differences 
among  the  varieties.  This  could  result  in  reduced  variability  in  the  post-heading  phase 
among  the  families. 

Another  possible  explanation  for  the  reduced  variation  found  in  period  D  may 
be  provided  by  Walpole  and  Morgan  (1971).  They  showed  that  different  barley  varieties 


--lA  >’<«T  tnc  ST?:  n!  il*.o  v.oc>:»'«5«  W«i>( 


’  ju'.;^r,  ,*'QA  .0-  bfio  SI  .6  .“o§  ')  bJf>'v{  bio  0*9  evil 

)!'>  -  .  X*‘V  - --T*?  »»«<W  *>^»|r‘T  .(xl»vH 

!d  iri9*««'  ^->9*  bnp  .I'B'wl  •«  -jH.  rtiw  inoiip’ocnA  '3b<B  X'W  d  lo"  n«>(l 

boR.i  bfoT  (,>5^'*'  etVI  f.f  xlno  ijr;:  H>!w  »«iI  , 

1  I  I  *  *  ,  ■ 

!pv  loUwit  boo  'S'?!  nl  iT.  «-nir  .■*(!%>»  -oaoI  o  A-  O  ♦  8  +  A) 

-«)  nHtMo;iol3i  «>/iti«ifi  '"■'^S  '?■’'■’’  '''' 

•i-  ■  ,y  *'l 

ornt,  .■■y.'v^  v’’®"  ydArtbol  noi»0l30ao«K>'.;  -n  .obviiiS  o«i1  »i«ff4  n»»w1 

b.lo  biolU  W  *o^ :>^tvu*>D  rn^Hl 


.  ^ 

Id" 

4 


i^' 

cf<«w'  f'  ’to  e^tts*.  ^f'Jr^qn  (ik  ^  .,  / 

tA  m  ytiii^fc.icw  tk->7J>e<"C  woA*  ot  3^<^  aK<<  ^ 

fr#-^vvtsvi  ox  -ynt  ao  b^.-.^^ '  noy- ■s-'.ol,U'';?1^i*A  4  ‘U^AHMinq 

Jboiy^,  >>j^  brvQ  V 

,koiitA:^9t^ip  9F.^i  -.Ht  o  bnuo^  0^0 

V.  o  ri^  >vL  ."4  ni  ®'^  bnub)  ?pw 

m/tH  s.'of  s/r>)  fi|..o  !i  i.’":':  F.i  bn.<>V  H  Jfifctw  la^oi  «jHt 

(.,.,q.  Ml  .W»,-V.1/liuPBl  t.-  '  lfT.d  •,^'.»  OOB  1  blU^  (Hoo 

l'*^  "  *  * 

0>‘ib54/A:^V  ^  Olotwi  .^l^r^-vtuhoy  iWw 

4lv-pt  <.|4^  ti’^H  rytcwno 

-  .'  .♦4^ 'imtl  tK^  pnoo’o 

1 

yoifv  C  lK»»>tq  ni  b'lus^  k»^  fv:'tcr*ot<rrra  \^rt1«k\A  -  v  ti  1 

;o»i^'H-.b  nvM  qfu>  «!«jiqtoW  y4fc>»5>Wotq  ^ 


C; 


i 


r.'i 


98 


could  have  similar  yielding  ability  and  take  a  similar  length  of  time  from  flowering 
to  ripening,  but  would  show  different  behavior  in  each  of  three  sub-phases  in  the 
ripening  period.  Therefore  variation  among  the  families  could  be  reduced  by  a  pos¬ 
sible  interaction  between  these  sub-phases. 

There  was  again  a  large  reduction  in  the  range  for  period  D  from  the  growth- 
room  material  to  the  field  material,  though  the  means  were  similar  for  the  three  years. 

It  seems  that  here  again,  genetic  variability  among  the  families  that  showed  up  in  the 
growthroom  environment  was  greatly  reduced  under  field  conditions.  This  reduction 
cannot  be  readily  explained  by  temperature  as  the  mean  daily  temperatures  for  period 
D  were  similar  at  15.5°C,  15.  3°C,  and  15.2°C  respectively,  for  the  three  years. 

Associations  of  period  D  with  total  time  to  mature  were  fairly  high  and  sig¬ 
nificant  in  1972  and  1974,  but  very  low  in  1973.  As  correlations  between  heading 
time  and  total  time  to  ripen  were  extremely  high,  especially  in  1973,  it  could  be  pos¬ 
sible  that  the  length  of  period  D  is  dependent  to  a  large  extent  on  the  heading  time  of 
the  variety.  Malhotra  and  Jain  (1972),  along  with  numerous  other  writers,  have  also 
reported  this  close  association  between  heading  time  and  maturity.  If  the  crop  is  given 
ample  time  to  express  Its  full  growing  potential,  such  as  in  the  growthroom  or  by  the 
slightly  earlier  heading  that  occurred  in  1974,  It  could  be  possible  that  the  length  of 
period  D  would  have  a  major  effect  on  time  to  maturity.  If,  however,  the  length  of 
period  D  is  limited  by  a  late  heading  date  or  other  environmental  conditions  such  as 
an  early  frost,  then  it  would  show  a  lesser  effect  on  the  total  time  to  maturity.  This 
would  provide  a  possible  explanation  for  the  low  relationship  in  1973,  and  also  for  the 
low  associations  found  among  the  three  years  for  this  period.  It  should  be  noted  also 
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that  in  many  cases  in  1974  ripening  was  hastened  by  severe  lodging.  The  effect  of 
this  is  discussed  in  part  V. 

III.  MORPHOLOGICAL  AND  YIELD  CHARACTERS 

As  evidenced  previously  with  the  growth  phases,  the  material  displayed  its 
greatest  variability  in  yield  potential  in  the  growthroom.  When  exposed  to  a  field  en¬ 
vironment  in  1973  and  1974,  the  amount  of  variation  was  practically  halved.  Ranges 
and  means  for  yield  cannot  be  compared  here  because  different  plot  sizes  were  used  for 
each  year,  but  it  became  obvious  that  the  potential  variability  in  yield  in  many  of  the 
samples  was  reduced  by  field  conditions.  Syme  (1972)  could  find  little  relationship  be¬ 
tween  the  yield  of  single  plants  in  a  greenhouse  and  the  same  varieties  grown  in  plots 
under  field  conditions,  and  suggested  thaT  in  the  field  environmental  stresses  frequently 
shortened  the  growing  season,  thus  limiting  the  straw  yield  and  reducing  the  grain  yield 
of  later  maturing  varieties.  However,  he  did  have  high  correlations  in  days  to  ear  emer¬ 
gence,  height  and  grain  weight  between  the  two  environments.  This  seems  to  hold  true 
for  days  to  ear  emergence  and  height  in  the  present  study  as  there  was  no  drastic  drop 
in  variability  shown  here  by  transference  to  field  conditions,  such  as  was  seen  in  yield. 
Also,  kernel  weight,  test  weight,  number  of  heads  and  habit  show  very  little  difference 
in  variability  between  the  two  field  years. 

Inspection  of  Table  XVI  will  show  that  the  yield  results  from  the  present  test 
almost  duplicate  those  of  Syme.  Here  also,  correlation  coefficients  are  extremely  low 
when  the  yield  of  single  plants  in  the  growthroom  is  compared  to  plot  yields  in  both  1973 
and  1974.  On  the  other  hand,  a  comparison  of  days  to  ear  emergence  shows  extremely 
consistent  relationships  between  the  years.  Height,  however,  has  a  lower  relationship 
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(though  still  significant)  between  the  growthroom  and  the  field,  and  a  high  association 
between  the  two  field  years. 

The  highest  and  most  constant  correlations  with  yield  were  provided  by 
height,  followed  closely  by  head  length.  Also  highly  significant  in  the  two  field  years 
was  the  number  of  plants  per  1.2  meter  sample.  In  1973  the  yield  components  kernel 
weight,  test  weight,  and  number  of  heads,  along  with  habit,  showed  close  associations 
with  yield.  However,  in  1974  there  was  no  association  at  all  between  these  variables 
and  yield.  Reasons  for  this  are  unknown  but  may  be  attributed  to  the  loss  of  yield  as¬ 
sociated  with  the  heavy  lodging  occurring  in  that  year. 

Among  the  closest  associations  for  all  three  years  was  that  provided  by  height 
and  head  length.  Both  these  characters  have  been  closely  associated  with  yield  in 
the  literature  (Paris  and  Guitard,  1969;  Khadr,  1971;  Bhatt  1973),  though  their  method 
of  contribution  to  yield  and  the  interaction  between  them  is  often  debated.  Hsu  and 
Walton  (1971)  found  a  positive  correlation  between  ear  length  and  spikelet  and  kernel 
number  per  ear  in  wheat,  though  in  1969  Walton  stressed  that  some  measurement  of  the 
compactness  of  the  head  and  glume  size  was  needed  as  an  indicator  of  the  photosyn¬ 
thetic  area  of  the  head  to  accurately  predict  contribution  to  yield.  Also,  a  well  ex¬ 
truded  head  produced  by  increased  height  would  reduce  the  amount  of  shading  by  the 
canopy  allowing  a  greater  photosynthetic  contribution  by  the  ear. 

Though  the  amount  of  variability  in  height  remained  low  (CV  <  15%)  in  the 
growth  chamber  and  was  only  slightly  lower  in  the  field,  the  range  of  heights  dropped  by 
10  cm  in  transferring  to  the  field,  and  the  means  were  reduced  by  17  and  24  cm.  Thus 
field  conditions  produced  generally  shorter  plants  with  fewer  extremes  in  height.  There 
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seemed  to  be  little  if  any  effect  to  the  head  length  produced  by  the  change  in  environ¬ 
ments:  the  range,  means  and  amount  of  variation  remained  similar  over  the  three 
years.  The  only  other  major  associations  incurred  by  head  length  were  negative  re¬ 
lationships  with  the  number  of  heads  and  the  number  of  secondary  tillers  in  1974.  Fon¬ 
seca  _et_aj_.  (1968)  and  Smodfek  (1969)  showed  similar  negative  relationships  between 
the  number  of  ears  and  the  number  of  grains  per  ear. 

Though  mean  kernel  weight  was  slightly  greater  in  1974,  its  only  high  associ¬ 
ation  with  yield  occurred  in  1973.  Ranges  and  variability  among  families  dropped 
slightly  in  1974,  but  values  remained  fairly  constant.  Also  in  1973  kernel  weight 
showed  positive  associations  with  test  weight;  height;  and  the  number  of  heads,  secon¬ 
dary  tillers  and  plants.  Bhatt  (1973)  found  similar  positive  relationships  between  kernel 
weight,  height  and  spike  number.  In  1974,  however,  the  only  major  relationship  of 
kernel  weight  was  with  habit  at  internode  elongation. 

The  relationships  shown  by  habit  (or  leaf  and  tiller  spread  at  Internode 
Elongation)  are  not  consistent  between  the  two  years,  for  in  1973  it  is  correlated  with 
yield  and  height,  and  in  1974  with  lOOO  kernel  weight.  Research  has  been  done  to  as¬ 
sociate  leaf  angle  with  yield  (Smocek,  1969)  and  it  is  possible  that  the  angle  of  the  leaf 
created  by  the  habit  of  the  plant  at  this  stage  could  influence  the  photosynthetic 
efficiency  of  the  plant,  thus  affecting  yield  in  1973  and  kernel  weight  in  1974.  Be¬ 
havior  of  the  families  in  regard  to  their  habit  remained  fairly  consistent  between  the  two 
years  showing  little  difference  in  the  ranges,  means  and  CV's.  Because  there  was 
severe  lodging  in  many  cases  at  the  time  of  heading,  it  was  impossible  to  assess  the  habit 
at  this  stage.  As  there  is  some  association  with  yield  in  the  earlier  stages,  it  might  prove 
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profitable  to  measure  the  leaf  and  tiller  spread  at  heading  on  material  grown  under 
greenhouse  conditions.  These  data  would  reveal  any  continued  associations  of  the 
habit  between  these  two  stages  and  could  possibly  clarify  the  relationship  with  yield. 

The  test  weight  showed  very  little  variability  (CV's  <  15%)  in  both  1973 
and  1974.  Means  were  similar  though  the  range  was  greatly  reduced  in  1974.  Any 
differences  here,  though  they  seem  to  be  slight,  could  possibly  be  due  to  the  different 
methods  of  measurement  and  sample  sizes  utilized  in  the  two  years.  Test  weight  showed 
a  positive  correlation  with  yield  and  1000  kernel  weight  in  1973,  but  had  no  such  re¬ 
lationship  in  1974.  Reasons  for  the  lack  of  association  in  1974  are  not  known. 

The  final  yield  component  includes  the  number  of  plants,  number  of  heads, 
and  the  number  of  secondary  tillers  per  unit  area  in  1973  and  1974.  Positive  associ¬ 
ations  were  found  between  number  of  plants  and  number  of  heads;  also  between  number 
of  heads  and  number  of  secondary  tillers.  In  1973  there  were  highly  significant  positive 
correlations  between  all  these  variables  and  kernel  weight,  which  supports  the  findings 
of  Bhatt  (1973).  It  is  of  interest  to  note  that  in  both  the  field  years  there  was  a  positive 
association  between  number  of  plants  and  yield,  while  number  of  heads  and  yield  were 
significant  only  in  1973. 

The  only  other  relationships  of  significance  were  the  negative  associations  of 
height  and  head  length  with  the  number  of  secondary  tillers.  As  these  two  variables 
showed  no  relationships  with  lodging  on  any  occasion,  their  association  with  the  pro¬ 
duction  of  secondary  tillers  must  be  due  to  some  other  factor  besides  lodging. 

Behavior  among  the  three  density  variables  (number  of  heads,  plants  and 
secondary  tillers)  proved  to  be  quite  different  in  the  two  field  years.  The  number  of 
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heads  per  unit  area  proved  to  be  the  most  consistent  with  a  slight  increase  in  range  and 
means,  and  the  amount  of  variability  remaining  similar.  On  the  other  hand,  the  num¬ 
ber  of  plants  per  unit  area  increased  greatly  in  range,  means,  and  amount  of  variability 
in  1974.  It  should  be  noted  that  difficulty  was  experienced  in  accurately  measuring 
this  character  as  problems  were  encountered  in  separating  the  plants  and  their  respective 
tillers  from  each  other.  There  was  a  large  decrease  in  1974  in  both  the  range  and  the 
mean  number  of  secondary  tillers,  possibly  as  a  result  of  environmental  conditions.  This 
was  demonstrated  when  the  amount  of  variability  experienced  between  the  lines  was 
almost  doubled  in  1974  (CV's  48.  1  in  1973  and  91.0  in  1974). 

IV.  MULTIVARIATE  ANALYSIS 

The  use  of  factor  analysis  in  the  study  of  agriculture  has  only  gained  accep¬ 
tance  in  the  last  few  years.  The  technique  was  found  effective  for  reducing  a  large 
number  of  correlated  variables  into  a  small  number  of  main  factors,  thus  making  it 
easier  to  study  the  dependence  relationships  among  certain  variables.  In  1972  Wad- 
dington  employed  this  method  to  investigate  relationships  between  environmental 
variables  and  yield  in  forages.  Walton  (1971  and  1972)  used  this  method  to  study  the 
relationships  between  yield  and  its  components  in  wheat. 

A  form  of  analysis  that  is  more  commonly  employed  In  studying  the  relation¬ 
ships  of  yield  with  different  variables  is  the  stepwise  multiple  regression.  This  method 
has  been  used  to  study  the  dependency  structures  of  yield  in  wheat  (Syme,  1972);  rice 
(Rao,  1972)  and  barley  (Malhotra  and  Jain,  1972). 
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It  was  Walton  (1971)  who  paired  these  two  forms  of  analysis  to  provide 
complementary  ways  of  studying  the  data.  He  found  that  factor  analysis  indicated  the 
relationships  among  yield  components  and  morphological  structures,  while  the  stepwise 
regression  analysis  indicated  importance  of  the  components  of  yield.  This  complementary 
pairing  of  analysis  is  carried  out  in  the  present  study  in  order  to  detect  relationships 
among  growth  periods  and  stages,  morphological  characters  and  yield. 

Growthroom:  The  behavior  shown  by  the  growth  periods  when  they  were  included  with 

all  their  combinations  in  a  factor  analysis,  indicated  a  fairly  clear  separation  of  be¬ 
havior  among  the  phases.  The  most  prominent  differences  are  shown  in  1972  when  each 
growth  period,  together  with  its  appropriate  combinations,  is  clearly  placed  in  separate 
factors,  indicating  that  each  of  the  individual  growth  periods  displays  some  form  of  be¬ 
havior  that  is  independent  of  the  others.  The  major  proportion  of  the  total  was  shown  by 
the  first  two  factors,  which  included  periods  D  and  C  and  their  combinations,  with  period 
D  accounting  for  over  half  of  the  variability.  The  contributions  of  periods  A  and  B  were 
relatively  minor. 

A  stepwise  regression  of  these  growth  periods  on  yield  shows  that  period  D  is 
the  major  contributor  to  yield,  with  the  four  growth  periods  accounting  for  28%  of  the 
variation  in  yield.  Inclusion  of  all  periods  and  phases  did  not  increase  the  contribution 
to  yield,  but  showed  the  major  contributor  was  the  total  growing  time  after  emergence, 
with  the  time  to  emergence  included  as  having  a  negative  but  still  significant  effect. 
Period  D  is  still  included  but  has  lost  its  significance  when  all  variables  are  entered. 

The  addition  of  height  and  head  length  to  the  four  growth  periods  in  the  factor 
analysis  created  a  slight  difference  in  the  groupings.  Here,  periods  B  and  C  were 
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grouped  together  in  a  single  factor,  while  periods  A,  D  and  head  length  gave  strong 
loadings  in  separate  factors.  The  regression  analyses,  however,  showed  that  the  in¬ 
clusion  of  morphological  characters  increased  the  amount  of  yield  variation  accounted 
for  to  44%.  Periods  D  and  A  still  are  included  as  the  most  important  growth  periods, 
but  the  greatest  contributor  to  yield  is  height. 

When  all  the  combinations  of  growth  periods  were  included  with  morphologi¬ 
cal  characters,  period  D  remained  the  largest  single  factor  with  49%  of  the  total  vari¬ 
ance.  The  grouping  of  periods  B  and  C  along  with  height  would  indicate  that  both  these 
growth  periods  had  a  high  association  with  the  height  of  the  plant.  The  stepwise  re¬ 
gression  showed  that  the  total  growing  period  from  emergence  had  the  greatest  influence 
on  yield,  followed  by  height,  which  was  the  only  variable  that  retained  significance  in 
the  final  equation.  Periods  A  and  D  were  again  the  only  separate  growth  periods  retained 
in  the  equation  as  having  any  influence  on  yield. 

It  is  of  interest  to  note  that  the  inclusion  of  the  combinations  of  growth  periods 
and  stages  in  this  data  was  useful  in  the  factor  analysis,  as  it  clarified  the  Interrelation¬ 
ships  among  the  growth  periods.  However,  these  combinations  served  little.  If  any,  use¬ 
ful  purpose  In  the  regression  equations  as  they  accounted  for  no  additional  variation  in 
yield,  and  served  only  to  confuse  the  matter. 

1973:  In  this  field  year,  the  differences  among  growth  periods  are  not  as  clear-cut 

as  in  the  growthroom.  Periods  B  and  C  and  their  combinations  are  grouped  together  to 
account  for  the  largest  portion  of  the  variability,  followed  by  period  D  and  its  combi¬ 
nations  in  the  second  factor.  However,  with  the  addition  of  morphological  characters 
and  lodging,  period  A  was  included  with  period  D  in  a  single  factor.  Yield  components 
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and  yield  are  grouped  together  in  the  third  factor.  This  holds  true  when  the  four  growth 
periods  are  included  in  the  matrix  with  the  morphological  characters  and  lodging. 

One  difference  revealed  by  the  regression  analysis  was  that  the  proportion 
of  variability  in  yield  accounted  for  by  the  four  growth  periods  increased  by  more  than 
1.5  times  in  the  tv/o  field  years  compared  to  the  growthroom.  In  1973,  43%  of  the 
, yield  was  accounted  for  by  the  growth  periods,  with  period  D  being  the  largest  single 
contributor.  Inclusion  of  all  periods  and  stages  did  little  to  clarify  matters,  for  they  did 
not  produce  any  additional  contribution  to  yield.  Also,  the  period  that  included 
flowering  and  ripening  (C  +  D)  was  included  as  the  major  contributor  to  yield,  thus  of¬ 
fering  little  change  from  the  previous  equation.  When  the  morphological  characters  and 
lodging  were  included  with  the  four  growth  periods,  the  variability  in  yield  accounted 
for  rose  to  83%.  Here  the  major  contributor  to  yield  was  the  number  of  heads  per 
sample,  with  period  D  included  as  the  second  most  important  variable.  As  the  addition 
of  the  combinations  into  the  equation  produced  little  change,  it  is  evident  that  here 
again,  they  are  of  little  use  in  this  form  of  analysis. 

1974:  In  this  field  year  the  factDr  analysis  did  not  reveal  clear-cut  separations  among 

the  growth  periods.  Entering  all  stages  and  combinations  into  the  matrix  revealed  a 
general  grouping  of  those  variables  containing  some  part  of  the  complete  period  of  floral 
development  (B  or  C)  making  up  the  first  factor.  The  second  contained  periods  A  and 
D,  thus  again  showing  some  relationship  between  the  time  to  emerge  and  the  ripening 
period.  These  relationships  remained  similar  after  the  addition  of  the  lodging  data  and 
morphological  components  into  the  matrix.  However,  when  the  four  growth  periods  were 
entered  along  with  the  lodging  data  and  morphological  and  yield  components,  there 
seemed  to  be  no  clear-cut  pattern  emerging.  Therefore  in  this  case  the  utilization  of 
combinations  aids  in  the  clarification  of  the  groupings. 
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It  is  of  interest  to  note  the  similarities  found  for  the  two  field  years  in  the 
factor  analysis/  for  the  groupings  were  remarkably  similar  in  content.  In  both  years  a 
single  factor  was  composed  of  the  combinations  containing  either  period  B  or  C/  thus 
showing  that  in  the  field  at  least,  it  is  fairly  difficult  to  separate  the  different  phases 
of  floral  initiation  and  development.  It  is  also  noteworthy  that  periods  A  and  D  were 
grouped  together  in  the  two  field  years,  thus  showing  some  similarities  in  behavior. 
Reasons  for  this  behavior,  as  mentioned  previously  (in  multiple  correlations),  remain 
unknown.  One  point  previously  described  in  the  results  indicated  that  in  both  1973 
and  1974  the  yield  components,  number  of  plants,  number  of  heads,  and  1CX)0  kernel 
weight,  were  grouped  together.  Also,  the  lodging  data  retained  a  specific  pattern 
for  both  years. 

Although  the  amount  of  variation  in  yield  accounted  for  by  the  growth  periods 
in  the  regression  remained  almost  identical  in  the  two  field  years,  the  major  contributor 
to  yield  in  1974  changed  from  period  D  in  the  previous  years  to  period  B.  The  length 
of  the  growth  period  had  a  very  strong  negative  effect  on  yield  -  one  which  remained 
unchanged  with  the  addition  of  combinations  of  periods.  However,  the  introduction  of 
lodging  data  and  morpholoc'cal  characters  shifted  the  emphasis  so  that  period  C  had  the 
primary  influence  on  yield  (also  negative),  followed  by  lodging  on  date  5  and  period 
B.  The  fact  remains  though,  that  there  is  a  shift  of  importance  from  the  period  of 
ripening  (shown  in  the  two  previous  years)  to  the  period  of  floral  development.  The  two 
yield  components  included  as  significantly  affecting  yield  were  the  number  of  plants 
and  the  number  of  heads  per  sample.  One  possible  influence  on  this  change  in  behavior 
in  1974  could  be  environmental  conditions:  heavy  lodging  occurred  throughout  the 
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season,  thus  delaying  the  heading  and  ripening  times.  Also,  in  many  cases,  the 
length  of  period  D  was  influenced  by  the  arrival  of  fall  frosts  -  a  long  period  of 
floral  development  created  by  lodging  and  meteorological  conditions  resulted  in  a 
limited  period  of  time  remaining  for  ripening.  Thus,  in  some  cases,  a  sample  was 
harvested  green,  as  it  refused  to  ripen  in  the  cooler  fall  weather. 

V.  LODGING 

As  lodging  in  cereals  is  a  very  real  problem  in  northern  Alberta,  and  thus  a 
detriment  to  obtaining  maximum  yields,  periodic  recordings  of  lodging  severity  were 
taken  during  the  two  field  years.  Regression  equations  showed  that  on  two  occasions  in 
1973  and  three  occasions  in  1974,  lodging  played  a  significant  role  in  affecting  the 
grain  yield.  These  results  are  supported  by  numerous  examples  in  the  literature,  among 
them  Laude  and  Pauli  (1956)  who  found  that  test  weight  and  lOOO  kernel  weight  in  bar¬ 
ley  and  wheat  were  affected  by  lodging.  Brady  (1934)  working  with  oats,  and  Esechie 
et  al.  (1977)  with  sorghum,  both  showed  that  resistance  to  lodging  is  genetically  in¬ 
herited  and  can  vary  between  varieties.  That  this  holds  true  in  the  present  experiment 
was  shown  by  the  highly  significant  differences  between  treatments  in  the  Analysis  of 
Variance  in  1974.  As  the  analysis  progressed,  it  became  evident  that  the  lodging  be- 
h  avior  of  the  material  changed  as  the  plants  matured.  This  was  first  indicated  in  the  factor 
analysis  when  loadings  for  both  years  clearly  separated  the  early  lodging  behavior 
(before  heading)  from  the  later  lodging.  The  CV's  showed  a  large  amount  of  variability 
among  treatments  with  the  earlier  observations,  but  dropped  as  the  crop  developed. 

This  change  in  behavior  was  also  indicated  by  broad  sense  heritabi lities  which  were 
highest  with  the  first  lodging  date,  showed  a  gradual  decline  to  just  after  heading,  then 
remained  fairly  constant  for  the  remainder  of  the  growing  season. 
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In  the  present  study,  simple  correlations  between  yield  and  lodging  were  ex¬ 
tremely  low  in  both  the  pre-  and  post-heading  phases  in  1973.  In  1974,  however,  all 
recordings  showed  a  highly  significant  negative  effect  on  yield.  Lodging  dates  1,  2,  and 
3  all  occurred  in  the  period  between  internode  elongation  and  heading;  dates  4,  5,  and 
in  many  cases,  6,  occurred  during  the  heading  period  (up  to  a  week  after);  and  dates  7 
and  8  occurred  during  the  ripening  period  (because  a  large  variability  had  already  shown 
up  by  heading  time,  there  is  some  overlap  present).  Thus  it  can  be  seen  that  the  three 
most  important  lodging  dates  (as  shown  in  the  regression  tables)  occurred  at  crucial  times 
in  the  crop's  development,  as  described  by  Laude  and  Pauli  (1956)  and  Day  (1957).  As 
correlations  betvseen  yield  and  all  yield  components  were  high  and  significant  in  1973,  it 
could  be  assumed  that  they  were  not  greatly  affected  by  the  lodging,  thus  creating  the 
low  relationship  between  yield  and  lodging. 

Significant  correlations  found  betvveen  the  individual  growth  periods  A  and  B 
and  lodging  could  be  interpreted  as  the  length  of  the  growing  period  affecting  the 
severity  of  lodging  at  a  certain  time.  Therefore  the  stage  of  development  that  the 
plant  has  reached  at  the  time  of  a  storm  could  have  a  significant  effect  on  its  suscepti¬ 
bility  to  lodging.  For  example,  a  positive  and  significant  association  was  described  be¬ 
tween  the  length  of  the  early  growth  periods  and  the  severity  of  lodging  in  period  C.  This 
observation  was  supported  by  Gardener  and  Rathjen  (1975)  who  stated  that  lodging  and 
yield  depression  in  barley  were  greatest  in  the  later  flowering  cultivars  with  their  longer 
juvenile  growth  phase,  greater  number  of  tillers  and  leaves  per  tiller,  and  longer  leaves. 
Total  time  to  maturity  showed  significant  associations  with  lodging.  Lodging  that  occurred 
before  heading  time  showed  a  positive  relationship  with  the  total  growing  time,  while 
that  occurring  after  heading  had  a  negative  association.  This  could  be  explained  by 
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referring  to  the  observations  of  Neenan  and  Spencer-Smith  (1975)  who  showed  that 
lodging  resistance  is  affected  by  the  maturity  of  the  straw.  AlsO/  it  has  been  shown 
that  later  varieties  were  generally  more  resistant  to  severe  lodging  and  loss  of  yield 
(Esechie_et_^. ,  1977;  Larson  and  Maranville,  1977,  with  sorghum).  Though  the  length 
of  period  D  is  not  greatly  affected  by  lodging  (with  one  exception)  it  would  seem  that  if 
lodging  occurred  after  heading  time,  seed  set  and  ripening  would  be  hastened  by  the  re¬ 
duction  in  supply  of  assimilates,  thus  influencing  the  time  to  maturity. 

From  observing  the  wide  amount  of  variability  shown  by  the  material  in  this  pro¬ 
ject,  it  became  obvious  that  breeding  for  lodging  resistance  is  possible.  However,  as 
mentioned  earlier  in  the  literature  review,  it  has  still  not  been  fully  determined  what 
characters  are  involved  in  this  quality. 

VI.  RECOMMENDATIONS  FOR  SELECTION  OF  CHARACTERS 
i.  Growth  stages  and  periods 

One  of  the  major  objectives  of  this  project  was  to  study  the  relationships  be¬ 
tween  the  growth  periods  and  stages,  as  well  as  their  associations  with  several  morphologi¬ 
cal  characters,  in  order  to  develop  varieties  that  would  be  better  adapted  to  our  northern 
climate.  It  has  been  stated  previously  In  the  literature  review  that  such  an  achievement, 
though  difficult  to  accomplish,  is  not  impossible  (Thorne  jet ,  1968).  The  aim  of  this 
study  therefore  was  to  find  which  growth  stage  or  period,  if  any,  would  be  most  receptive 
to  manipulation,  all  the  time  keeping  in  mind  the  minimum  sacrifice  of  yield. 

The  factor  analysis  results  (especially  those  from  the  growth  chamber,  1971/72) 
showed  that  the  life-span  of  a  crop  can  be  divided  quite  clearly  into  four  separate  growth 
periods  that  are  largely  independent  of  each  other.  Therefore  manipulation  of  one  growth 
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period  could  occur  without  seriously  affecting  the  length  of  the  other  growth  periods. 
Though  the  material  grown  in  the  field  shows  increased  inter-relationships  between 
periods  Band  C,  this  manipulation  should  still  be  possible. 

In  order  that  the  most  effective  manipulation  occur,  the  growth  period  in¬ 
volved  must  show  a  high  variability  between  varieties,  and  must  possess  a  high  enough 
heritability  that  any  genetic  manipulation  with  its  length  would  be  retained  in  future 
generations.  Also,  there  must  be  a  sufficient  number  of  days  to  provide  ease  of  manipu¬ 
lation  in  the  growth  period  itself.  Period  A  does  not  fit  these  qualifications,  for  though 
it  demonstrates  a  fairly  high  heritability,  it  is  the  shortest  of  all  growth  periods  and 
possesses  the  smallest  amount  of  variability.  Also,  correlations  with  total  time  to 
maturity  are  low  and  non-significant. 

Therefore  it  would  follow  that  manipulation  must  occur  in  either  the  develop¬ 
mental  period  up  to  flowering  (B,  C,  or  both)  or  the  ripening  period  after  heading  (D). 

It  is  at  this  point  that  differences  between  the  growth  chamber  and  field  results  show  up, 
as  there  seems  to  be  distinctive  behavior  differences  between  the  two  environments.  In 
the  growth  chamber  it  was  period  B  that  had  the  closest  relationship  with  total  time  to 
maturity,  while  in  the  field  it  was  period  C.  The  greatest  amount  of  variability  was 
shown  by  period  C  for  all  three  years,  but  at  the  other  end  of  the  scale,  the  least 
amount  was  shown  by  period  A  in  the  growthroom  and  period  D  in  the  field. 

Differences  between  the  environments  also  showed  up  in  the  relationships  of 
growth  periods  and  yield.  In  1972,  period  B  had  the  highest  correlation  with  yield, 
while  in  the  field  years,  period  D  showed  the  highest  positive  correlations  with  yield 
(in  1974  the  highest  correlation  was  period  B,  but  the  effect  on  yield  was  negative). 
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Broad  sense  heritabi lities  taken  in  1974  indicate  that  period  C  has  the 
highest  heritability  at  0.897,  with  periods  A  and  B  being  similar  but  lower,  and  period 
D  being  non-significant.  Also,  correlations  comparing  the  three  years  indicate  that 
period  C  has  the  most  consistent  behavior  in  all  three  environments.  Therefore  it  would 
be  logical  to  conclude  that  the  growth  period  that  would  be  best  to  manipulate  (based 
on  three  years'  data)  is  period  C  as  it  displays  the  highest  genetic  variability,  is  stable, 
and  yet  does  not  possess  the  greatest  influence  on  yield. 

As  mentioned  previously,  the  distinct  separation  between  the  growth  periods 
that  is  evident  in  the  growthroom  material  is  not  as  obvious  in  the  field.  Some  form  of 
compensation  or  interaction  between  periods  Band  C  present  in  the  field  material  would 
possibly  be  due  to  suppression  of  genetic  variation  due  to  environmental  conditions. 
Therefore,  if  a  detailed  study  of  the  behavior  of  separate  growth  phases  is  required,  it 
would  be  advisable  to  raise  the  material  in  the  growthroom.  However,  since  the  aim  is 
towards  overall  adaptation,  the  material  must  be  grown  in  a  field  environment  to  confirm 
that  any  changes  made  would  be  maintained. 

If  adjustments  are  to  be  made  to  period  Q,  which  covers  the  time  from  initi¬ 
ation  to  anthesis,  the  yield  components  affected  would  be  the  number  of  fertile  florets 
and  the  number  of  ears.  However,  the  described  effect  seems  to  be  less  than  that  pro¬ 
duced  by  changes  in  period  B  which  affect  all  three  components,  and  period  D,  which 
affect  mainly  kernel  weight  (Thorne  ^  al_. ,  1968;  Paris  and  Guitard,  1969;  Willey  and 
Holliday,  1971). 

The  regression  results  show  that  in  all  three  years  the  active  growing  time 
and,  in  the  field,  the  individual  growth  periods  rank  extremely  high  in  total  contribution 
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to  yield.  Thus,  shortening  one  of  the  periods  would  allow  more  time  for  ripening  and, 
as  a  result,  increase  kernel  weight. 

As  mentioned  in  the  literature  review,  the  length  of  any  growth  stage  up  to 
heading  can  be  affected  by  photoperiod  or  temperature.  Also,  there  is  evidence 
(Grafius  and  Thomas,  1971)  of  an  oscillatory  nature  of  the  yield  components  produced  by 
changes  in  the  growth  periods.  If  such  is  the  case,  it  might  be  advisable  to  study  the  use 
of  longer  growth  periods  (produced  by  varying  sequences  of  the  original  growth  periods) 
in  order  to  manipulate  their  lengths  without  worrying  about  the  compensation  and  inter¬ 
action  shown  between  the  smaller  growth  periods. 

If  manipulation  of  the  longer  periods  is  to  be  attempted,  the  previously  dis¬ 
cussed  objectives  of  selection  must  be  kept  in  mind.  Almost  all  of  these  longer  periods 
have  extremely  high  correlations  with  total  time  from  seeding  to  ripe,  and  so  adjustment 
of  any  of  these  is  bound  to  alter  the  time  to  maturity.  However,  one  must  keep  in  mind 
that  because  all  the  growth  periods  are  a  part  of  the  total  growing  time,  they  will  be  in¬ 
volved  in  interactions  among  each  other  and  the  total  time.  Thus  partial  correlations  are 
created  that  could  produce  a  serious  bias  in  the  results. 

The  periods  (A  +  B  +  C)  and  (B  +  C)  show  the  greatest  consistancy  of  behavior 
between  the  three  years  (Table  XVI),  and  also,  along  with  period  (B  +  C  +  D),  have  the 
greatest  heritabilities  in  1974.  The  greatest  variation  in  all  three  years  is  produced  by 
period  (B  +  C)  followed  by  (A  +  B  +  C).  However,  the  variability  for  these  periods  is 
much  lower  than  that  shown  by  the  individual  growth  periods  B  and  C.  This  is  probably 
due  to  the  effect  of  compensation  between  growth  periods  mentioned  above.  Correlations 
with  yield  are  not  as  consistent  as  those  produced  by  the  separate  growth  periods  with 
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significance  for  all  three  years  shown  only  by  period  (B  +  C  +  D).  Even  so/  some  of 
the  individual  correlations  with  yield  produced  by  the  combinations  may  be  slightly 
higher.  Regression  analysis  showed  that,  for  1972,  periods  (B  +  C  +  D)  and  (A  +  B  +  C) 
do  have  a  greater  effect  on  yield  than  any  of  the  individual  periods.  However,  in  the 
field  years  1973  and  1974,  the  longer  growth  periods  had  very  little  influence  on  yield. 

Since  selection  for  earliness  is  at  present  generally  done  at  the  time  of 
heading  (period  A  +  B  +  C),  which  is  one  of  the  longer  periods  selected,  the  only  other 
choice  of  one  of  the  growth  periods  would  be  (B  +  C),  which  includes  the  time  from  emer¬ 
gence  to  heading.  This  period  showed  the  highest  variability  of  all  the  combinations, 
had  fairly  stable  behavior,  and  a  high  heritabil ity.  Also,  its  effect  on  yield  would  be 
the  least  of  all  the  combinations. 

However,  the  recommendation  for  selection  of  a  growth  period  for  manipulation 
would  remain  as  the  single  period  C.  This  individual  period  gives  a  greater  variability 
to  work  with  and  fulfils  the  other  selection  requirements  to  a  much  better  degree  without 
adding  the  complicating  factor  of  partial  correlations  (there  is  a  small  interaction  be¬ 
tween  any  single  growth  period  and  the  total  time  as  it  is  a  part  of  the  whole,  but  this 
involvement  is  a  lot  less  complicated  that  that  created  by  the  longer  periods). 

ii.  Selection  of  morphological  characters 

As  results  for  the  morphological  characters  varied  among  the  three  years,  it  is 
difficult  to  select  a  character  from  the  material  in  this  experiment  that  would  consistently 
show  a  positive  effect  on  yield.  The  only  morphological  characters  that  did  show  con¬ 
sistent  positive  associations  with  yield  were  height,  head  length,  and  number  of  plants 
per  1.2  meter  sample.  The  regression  equations  showed  that  in  the  growthroom  height 
made  the  most  important  contribution  to  yield,  while  in  1973  it  was  the  number  of  heads 
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per  1.2  meter  sample,  followed  by  1000  kernel  weight,  head  length  and  height.  In 
1974  the  most  important  influence  on  yield  was  produced  by  lodging,  followed  by 
height  and  head  length.  The  highest  amount  of  variability  and  also  the  highest  heri- 
tabilities  were  produced  by  height  and  head  length.  Though  these  were  the  only  two 
morphological  characters  that  were  compared  in  all  three  years,  height  showed  high 
associations  between  the  two  field  years  but  lower  associations  in  comparing  the  growth- 
room  to  the  field.  Head  length  showed  fairly  consistent  but  not  extremely  close  be¬ 
havior  among  the  three  years,  but  appeared  unrelated  to  yield  in  this  experiment  be¬ 
cause  of  the  large  variation  found  in  the  density  of  seeds  per  head  in  the  different 
genotypes.  Therefore,  in  the  present  project  the  character  that  seems  to  be  the  most 
useful  to  manipulate  to  the  advantage  of  yield  is  the  height  of  the  plant. 

iii.  Recommendations  for  future  tests 

As  this  project  has  been  carried  out,  a  number  of  questions  have  been  raised 
that  could  affect  the  performance  of  future  tests.  One  major  problem  encountered  was 
the  poor  adaptability  of  the  large  diversity  of  material  to  the  Alberta  environment. 
Therefore,  some  unexpected  problems  were  encountered.  One  of  these  was  at  the  very 
beginning  of  the  test  when  light  and  temperature  regimes  caused  genetically  diverse 
behavior  in  material  that  was  supposed  to  have  been  homogeneous.  As  a  result,  each 
sample  from  1972  was  treated  as  a  separate  line  for  the  remainder  of  the  test.  There¬ 
fore,  if  unfamiliar  material  is  being  used  in  future  tests,  it  may  be  advisable  to  test 
for  genetic  purity  at  the  very  beginning. 

Another  problem  created  by  the  use  of  unadopted  material  was  the  suscepti¬ 
bility  of  many  of  the  lines  to  severe  lodging,  thus  influencing  the  results.  Therefore, 
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one  character  that  should  exert  a  strong  influence  on  selection  locally  would  be  lodging 
resistance.  A  problem  is  encountered  here  as  there  is  a  conflict  between  the  aim  of  the 
project  -  to  produce  earlier  maturing  varieties  -  and  the  fact  that  lodging-resistant 
varieties  also  tend  to  be  later  maturing  (Bechie  et  al.,  1977).  However,  it  was  shown 
in  the  present  project  that  the  length  of  period  C  had  the  highest  correlations  with 
lodging  (before  heading).  These  correlations  were  higher  than  at  any  other  stage,  thus 
showing  that  more  resistant  varieties  had  earlier  flowering  and  a  longer  ripening  period. 
Therefore,  a  shortening  of  period  C  to  achieve  earliness  would  have  the  dual  effect  of 
increasing  lodging  resistance.  Also,  in  this  respect,  a  measurement  of  culm  thickness 
(an  indicator  of  straw  strength)  could  be  advantageous  in  future  testing. 

One  other  recommendation  for  future  testing  would  be  to  study  the  habit 
(leaf  and  tiller  spread)  at  heading  time.  Since  this  character  at  internode  elongation 
showed  a  fairly  high  association  with  yield  in  1973,  it  would  be  of  interest  to  discover 
if  it  carried  through  to  a  later  stage  and  remained  constant  throughout  the  stages.  This 
character  would  have  to  be  studied  under  greenhouse  or  growthroom  conditions,  because, 
in  the  present  study,  measurement  at  heading  time  was  prevented  by  lodging  in  field 
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CONCLUSIONS 

The  main  objective  of  this  project  was  to  make  a  detailed  study  of  the 
morphological  growth  stages  of  spring  barley  (Hordeum  vulgare  L. ).  This  was  done  in 
order  to  discover  if  it  would  be  possible  to  reduce  the  time  taken  to  maturity  without 
the  attendant  sacrifice  in  yield,  a  necessity  in  the  relatively  short  growing  season 
experienced  in  northern  Alberta. 

Early  in  the  study  it  was  discovered  that  the  thirty-two  lines  selected  showed 
signs  of  heterozygosity.  Thus,  the  experiment  was  expanded  to  144  lines  from  the 
thirty-two  original  families,  in  the  process  accommodating  any  heterogeneity  present. 

Factor  analysis  showed  that  the  four  major  growth  periods  retained  separate 
identities  and  each  behaved  relatively  independently  of  the  others,  though  some  de¬ 
pendencies  were  discovered  in  the  field  between  period  B  (emergence  to  internode  elong¬ 
ation)  and  period  C  (internode  elongation  to  heading).  The  growth  period  selected  as 
best  for  manipulation  in  order  to  achieve  earliness  was  period  C,  as  it  displayed  the 
largest  amount  of  genetic  variability.  This  period  was  fairly  stable  in  its  behavior  as 
evidenced  by  continuously  high  correlations  among  the  three  environments;  it  also 
showed  a  high  herltabllity  in  1974  and  yet  had  a  relatively  low  correlation  with  yield. 
Problems  expected  from  the  selection  of  this  growth  period  would  probably  occur  from 
Its  interrelationships  with  period  B  in  the  field. 

Longer  growth  periods  were  derived  from  sequential  combinations  of  the 
original  four  periods.  Of  all  of  these,  the  only  one  showing  any  signs  of  being  accep¬ 
table  for  manipulation  is  period  (B  +  C)  which  includes  time  from  emergence  to  heading. 
Of  all  the  combinations,  this  one  shows  the  greatest  consistency  of  behavior  among  the 
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three  years  and  the  highest  herltabi lities.  It  also  shows  the  largest  amount  of  varia¬ 
bility,  but  this  is  much  lower  than  that  shown  by  either  of  the  single  growth  periods 
B  or  C.  In  the  long  run,  the  selection  of  combinations  of  growth  periods,  whether 
sequential  or  not,  did  not  prove  very  effective,  as  their  major  function  in  the  analysis 
seemed  to  be  clarification  of  the  relationships  among  the  growth  periods  in  the  factor 
analysis.  Regression  results  did  not  include  any  of  these  combinations  as  major  con¬ 
tributors  to  variation  in  yield,  whereas  the  single  growth  periods  were  shown  to  be 
quite  important  in  this  respect. 

Ford  and  Thorne  (1975)  have  stated  that  grain  yield  is  usually  controlled  by 
source  and  sink,  but  one  or  the  other  could  predominate  in  a  particular  situation. 

This  seems  especially  true  in  the  present  study,  for  of  the  morphological  characters 
studied,  consistent  and  high  positive  associations  with  yield  were  only  experienced  with 
the  height.  Head  length  followed  with  correlations  that  were  considerably  lower, 
though  still  significant.  The  regression  results  showed  that  in  1972  the  greatest  portion 
of  yield  variation  was  explained  by  height;  in  1973  it  was  number  of  heads  per  sample 
and  1000  kernel  weight;  and  in  1974  it  was  lodging  and  height.  Head  length  was 
included  in  all  three  equations  but  showed  less  importance. 

The  results  in  both  field  years  (especially  1974)  seem  to  have  been  affected 
by  lodging  as  the  material,  to  a  large  extent,  does  not  seem  well  adapted  to  local  con¬ 
ditions.  By  recording  detailed  notes  on  the  lodging  of  each  line  it  became  clear  that 
the  lodging  behavior  differed  before  and  after  heading,  with  the  most  severe  effects 
on  yield  occurring  at  the  time  of  heading. 
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Because  the  material  was  grown  in  both  growthroom  and  field  conditions/ 
differences  between  the  two  environments  were  quite  obvious.  With  a  few  major 
exceptions,  genetic  variability  among  the  lines  showed  a  decrease  upon  transfer  to 
field  conditions.  This  was  confirmed  by  comparing  the  three  years'  data  for  each 
variable.  Simple  correlations  showed  low  relationships  between  the  growthroom  and 
each  of  the  field  environments,  and  high  associations  between  the  two  field  years. 
Exceptions  to  this  were  provided  by  the  growth  periods  B  and  C,  and  their  combinations. 
Associations  for  yield  between  the  growthroom  and  field  were  close  to  zero,  while 
between  the  field  years  there  was  a  higher  relationship  of  r  =  0.46. 
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APPENDIX  I 

ORIGINS  OF  THE  32  FAMILIES  SELECTED  FOR  THE  STUDY 


Variety 

Origin  World 

Original 

Country 

Line  ^ 

or 

Barley 

Seed 

Name 

of 

Cross 

Collection 

Source 

Origin 

1. 

Cl  6552 

USDA 

Aberdeen  Idaho 

Vega 

Sweden 

3. 

Cl  6943 

tl 

II 

Afghanistan 

4. 

Cl  7054 

ft 

II 

Velvon  5 

Utah,  USA 

5. 

Cl  7211 

II 

11 

Abyssinian  25 

Ethiopia 

6. 

Cl  7271 

II 

II 

Iran 

7. 

Cl  7273 

II 

II 

Ethiopia 

8. 

Cl  7852 

tl 

II 

Turkey 

9. 

Cl  7859 

II 

II 

Turkey 

10. 

Cl  8108 

11 

II 

Wisconsin,  USA 

13. 

Cl  9784 

II 

tl 

Ethiopia 

14. 

Cl  9794 

II 

II 

Ethiopia 

15. 

Cl  10268 

It 

tl 

Ethiopia 

18. 

Cl  10579 

II 

II 

Canada 

19. 

Cl  10639 

II 

II 

Canada 

26. 

Cl  10726 

II 

II 

Iran 

27. 

Cl  10773 

II 

II 

Japan 

29. 

Cl  10844 

It 

II 

Floya 

Ethiopia 

30. 

Cl  11187 

II 

II 

Baladi  16 

Egypi’ 

31. 

Cl  11567 

II 

II 

Mulyan 

Argentina 

32. 

Cl  11574 

It 

II 

Himlayense  3645 

Germany 

34. 

Cl  11624 

II 

II 

Ragusa  6-9 

Bulgaria 

38. 

Cl  12017 

II 

II 

Cypnjs  Black 

Cypnjs 

39. 

Cl  12262 

II 

II 

Iran 

41. 

Cl  12393 

II 

It 

Szekacs  Tak 

Hungary 

44. 

Cl  12474 

If 

tl 

Cenad  395 

Bulgaria 

46. 

Cl  13032 

II 

II 

Ethiopia 

47. 

Cl  13085 

II 

II 

Ethiopia 

49. 

Olli 

Beaverlodge 

Canada 

51. 

Galt 

II 

Canada 

52. 

Jubliee 

II 

Canada 

53. 

Vantage 

II 

Canada 

54. 

Early  Russian  Fargo 

No.  0-765 

It 

Russia 
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APPENDIX  II 

CONTROL  CULTIVARS  USED  IN  1973  AND  1974 


1973 

1974 

1. 

Olli 

Olli 

2. 

Galt 

Galt 

3. 

Goteway-63 

Gateway-63 

4. 

Windsor 

Windsor 

5. 

Bonanza 

Bonanza 

6. 

Conquest 

Conquest 

7. 

Paragon 

Paragon 

C- . 

Jubilee 

Jubilee 

9. 

Hiproly 

10. 

Steptoe 

11. 

H35-5047 

(Conquest  x  M65-94) 

12. 

HI  2-5070 

(Olli  X  M64-69) 

13. 

HI  2-5072 

(  "  "  ) 

14. 

HI  2-5296 

(  "  "  ) 

15. 

HI  2-5342 

(  "  "  ) 

N.  B. 

Entries  11-15  are 

short  strawed  cultivars 

derived  from  the 

University  of  Alberta  breeding  program,  using  short  straw 


sources  obtained  from  Dr.  D.  Rasmussen,  Minnesota. 
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APPENDIX  III 


COMPARISON  OF  SCALES  FOR  MEASURING  THE  GROWTH  STAGES  OF  CEREALS 


Zodoks  Scale* 


Feekes  Scale 


Present  Study 


00 

1 

09 

10 

19 

20 


29 


30 


39 


40 


4'5 

50 

i 


60 

4^ 

69 

70 

79 

80 

89 


dry  seed 


Leaf  at  coleoptile  tip 

First  leaf  through  coleoptile  1 

Seedling 

Growth 

9  or  more  leaves  unfolded 
Main  Shoot  only 

Tillering  2 

3 

Main  Shoot  and  9  or 
more  tillers 

Pseudo  stem  erection  4-5 

Stem  Elongation 

Flag  leaf  ligule  just  ^ 

visible 


Booting  10 

First  awns  visible 

First  spikelet  of  inflores-  10.  1 

cence  just  visible 

Emergence  of  inflorescence  10.5 

completed 

Beginning  of  anthesis  10.51 

Anthesis  complete 


E-'')"";,"'  Milk  development"'’ 

Late  milk 


Early  dough 
Hard  dough 


Seeding 

i 

Emergence 


Period  A 


Period  B 


4^ 

Internode  Elongation 
(First  node  detectable) 


Period  C 


4' 

Heading  (50%  of  head 
is  visible) 


Period 

D 


Ripe  (hard  dough) 
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W.  Feekes/  1941.  De  Tarwe  en  hoar  milieu.  Uerslagen 
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